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Dr. Eric Rau and James Alger, Bettis engineers cooperating on different aspects of this program, are discussing details of a 
Note two specimens mounted on a knife edge in the machine. The entire assembly is attached 
lave for immersion in water at 600° Fahrenheit. Dr. Rau received his Ph.D. in physical chemistry from 
New York University in 1955. Mr. Alger obtained his Master's degree in metallurgy from the University of Washington in 1955. 
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MATERIALS ENGINEERING 


Evaluation Low Alloy Steels 
for Nuclear Power Plants 


One important phase of metallurgical research and 
development conducted at Bettis Atomic Power 

Division concerns the application of more economi- 
cal non-core materials to the stringent requirements 
of nuclear reactor plant components. 

To reduce the cost of nuclear power, Bettis Plant 
metallurgists are trying to find substitutes for the 
special stainless steels and expensive fabrication 
methods now employed. In connection with this 
program, they are investigating the behavior of the 
carbon and low alloy steels for use in the primary 
coolant of a nuclear reactor. 

- To eliminate the expensive stainless steel cladding 
in pressure vessels, Materials Engineering at Bettis 
Plant is investigating the suitability of a high 
strength manganese-molybdenum steel (ASTM 
A-302, Grade B) for reactor vessel construction. 
However, the reactor vessel, which contains the 
nuclear core, experiences many thermal transients 
causing very high cyclic strains in the vessel walls. 
In addition, carbon steels have relatively high cor 
rosion rates in water at 600° F under a pressure of 
2000 psi. To determine if the corrosion of the carbon 
steel reduces its fatigue strength, extensive experi- 
mental work is being carried out. 

In one such study, Dr. Eric Rau, senior engineer, 
has been testing the corrosion fatigue resistance of 
ASTM A-302 to high strains in corroding water 
environment. Fatigue specimens, placed in specifi- 
cally designed equipment, are subjected to very high 
plastic strains, up to 1% strain per cycle. Five speci 
mens of varying thicknesses are tested simultane 
ously. Thus five points on a strain versus cycle-to- 
failure diagram are obtained in each run. Also the 
time per cycle can be adjusted to observe the fre- 
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The cross-hatching in the graph indicates the strain range to be 
investigated. Fatigue specimens will be strain cycled in primary 
coolant water at 600° F. In each experiment five points on the 
strain vs cycles-to-failure curve will be obtained 


quency effect on high strain fatigue. Dr. Rau plans 
to conduct these tests at a frequency as low as one 
cycle per minute. 

From the results shown by the strain versus cycle 
to-failure diagrams, reactor designers can better 
determine the applicability of these materials to 
new designs. 

This is only one example of the challenging work 
awaiting you here. We welcome confidential inquiries 
from metallurgists interested in the excellent careers 
offered by the new and growing nuclear power in 
dustry. Please address your résumé to: Mr. M. J. 
Downey, Bettis Atomic Power Division, Westing 
house Electric Corporation, P. O. Box 1468, Dept. 
A-189, Pittsburgh 30, Pennsylvania. 
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Johns-Manville Insulating Fire 


put physical and thermal properties 
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low conductivity... yet maintain high load-bearing 


Only Johns-Manville’s insulating fire brick 
family offers the right combination of proper- 


ties to meet the diversified requirements of 


modern furnace construction. 
Johns-Manville’s nine different insulating 

fire brick mean you never have to settle for a 

brick that’s nearly right! Instead you choose 


the one insulating fire brick or combination of 


brick that best meets your specific require- 
ments for temperature resistance, load-bearing 
strength, conductivity and density. 


strength with low spalling! 


Johns-Manville has two strategically located 
plants for the production of insulating fire 
brick: 
Pennsylvania. Insulating fire brick and other 


Lompoc, California and Zelienople, 


Refractory Products are available from the 
stocks of Authorized J-M distributors in key 
industrial areas. 

For further information, call your nearest 
J-M representative. Or write for brochure 
IN-115A to Johns-Manville, Box 14, New 
York 16, N.Y. InCanada, Port Credit, Ontario. 
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Unusual roll is built without a crown. 


STEEL 
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~~ SHRINK FIT 


Unique design based on high rigidity of 
ductile cast iron 


designing paper shown above, the stiff ductile iron Ductile irons (there are 7 types 


vitha midriff bulge core supports the “nip” load plus available commercially) create 

ates for deflection, and — the entire roll weight. The open — new design opportunities by com- 

inftain uniform “nip” space at (A) allows the core to bining cast iron’s process advan- 

tween a pair of rolls. deflect while the working face of | tages with many of steel’s prod- 

vning requires costly ma the roll (BB) remains almost per- uct advantages: excellent casta- 
ining operations and reduces — feectly flat Within .003 inch. bility and machinability plus 
life of felt roll covers Standard crowned rolls vary from high strength, wear resistance, 
zero to as much as .O15 inch and rigidity without brittleness. 


eliminate this problem, 
through the working range of the 


“DUCTILE IRON, THE CAST IRON 
THAT CAN BE BENT!” contains 
of ductile iron — it has a modulus Ductile iron also has the fa- useful data on ductile irons... 


tlack-Clawson engineers took 


advantage of the high rigidity load. 


of 24 million. That means it’s stiff tigue resistance to withstand the along with examples of products 
enough to ist deflection even continuously alternating stresses and processes improved with 
under heavy load produced at (C) as the roll ro- these unusual, economical metals 

In the crownless press roll tates. If you’d like a copy, just write. 


The INTERNATIONAL NICKEL COMPANY, Inc. 


ductile iron... the cast iron that can be twisted and bent 22 wii) street. New York 5. N. ¥ 
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Zinc, Blast Furnace Produced 
Successful completion of 25 years of work by the Imperial Smeltin Corp 
is the operation of two zine blast furnaces at Avonmouth, England. This 
marks a tremendous stride forward, for blast furnace smelting of zine 
means large-scale output of commercially pure metal from impure raw 
materials which could not be treated by previous methods, Full details of 
the new process have been given in a paper to the Institute of Mining and 
Metallurgy—London—by S. W. K. Morgan 


oxidation of vapor a major problem 
lhe primary problem to be solved was that of condensing zine from a large 
volume of combustion gases with a relatively low concentration of zinc 
vapor and a considerable amount of carbon dioxide Special precautions 
had to be taken to avoid reoxidation of zinc--the whole furnace charge 
and gases must be maintained above the reoxidation temperature 


condensation by liquid lead 
The key to the development of a successful condenser wa the discovery 
that the use of liquid lead as a circulating medium for heat transfer and 


collection of zine enabled oxidation of zine vapor to be minimized 


the two blast furnace: 
The furnaces have a water-jacketed bottom section, with water-cooled 
tuyeres, and a brick-lined top shaft. The small furnace has 16 tuyeres and a 
hearth area of 55 sq ft; the larger, 20 tuyeres and an area of 69 sq It Kven 
the larger—40 tpd——is judged to be considerably smaller than optimum The 
hot zinc-containing gases are withdrawn above the furnace charge; the 
furnace top is totally enclosed; and batch charges are introduced via a 


double bell system 


two condensers on cach furna 


The condensers have three vertical shaft rotors in series, dipping succes 


sive stages of the lead pool in the bottom of the condenset This creates an 
intense shower of lead droplets whi h cools the gas to a temperature neat 
that of lead. The gas from the condenser—containing some o pet of the zine 
entering—is scrubbed, first in a spray tower, then in Theissen-type di 

integrators. Lead is pumped at the rate of 300 to 400 tons per hr throu hoa 


closed circuit comprising: one condenser, a pump chamber, a long water 


cooled launder, and a separation bath in which the liquid zinc separates a 
a top liquid layer. The zine overflows continuou ly into a bath for reheat 


inv and for treatment with sodium to remove arsenic 


Prime Western Grade zinc produced 


Slay. matte, and bullion are periodically tapped from the furnace. Zin 
content of the slag can be maintained between 2 and 3 pet. The fuel used | 
‘oke, typically 3-in. lump size. A charge free from fine and hard enough 
prevent excessive breakdown in the furnace 1 called for. Fluxing material 


can be incorporated in the sinter or added separate ly 


ful tor lead-zin oncentrat 
This process has opened up the po ibility of recovering directly both lead 
and zinc a metals from those lead-zine ore in which the components can 


not be com jletely separated by froth flotation. Lead is obtained as bullion 


and iron is rejected in the slag. Copper can be collected with the bullion 


or as matte 
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LATEST INFORMATION 
ABOUT USS STEEL 


Send the coupon for your free copy! 


It tells Where to use USS “T-1” Steel! 
When to use it! 
How to use It! 


Get this newly revised compilation 
of technical and application data. 


It will help you design and work 
with this remarkable constructional alloy steel. 


REMEMBER 


4a te Room 5644, 525 William Penn Place 
No other steel possesses ‘“‘T-1's Pittsburgh 30, Pennsylvania 
remarkable combination of high 


Please send a copy of your new booklet, USS "TI 


yield strength, toughness and 
weldability. Send the coupon for NAME AND TITLE 


design and fabrication data. 


FIRM 


ADDRESS 


UNITED STATES STEEL CORPORATION, PITTSBURGH - COLUMBIA GEWEVA STEEL DIVISION, SAN FRANCISCO - TENNESSEE (COAL & IRON DIVISION FAIRFIELD ALA 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS, COAST TO COAST - UNITED STATES STEEL EXPORT COMPANY, NEW YORE 


USS CONSTRUCTIONAL ALLOY STEEL 


orere 


Watch the United States Steel Hour on TV every other Wednesday (10 p.m. Eastern time) 


om 
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Ali NEW TECHNICAL BOOKLET! 
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engineers 
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4 
ground-floor 
opportunities for 
production-minded 
engineers in 
nuclear reactor 
field 
Pechnical Production Operation ha been 
formed at General Eleetri expanding Aircraft 


Nuclear Prop iisior Department to handle pro 
wtion ef neeri ind control of highly tech 


chet ( md metallurgical proce ing of 


Positions Immediately Available 


at all Levels in Production of: 


SHIELDING © FUEL ELEMENTS 
CONTROL MATERIALS 


ind ! pl cu metallurgy 
} lev rent ed 
ful competitive ind 
Keal preoher beneht progran that 
Insurances Pension and Stock Bonu 
tat GENERAL ELECTRIC your professional 
‘ througt in plant 
na il traimmu ind a Full 


Choice of two locations: 


Cincinnati, Ohio . Idaho Falls, Idaho 
Publication of Technical Papers Is Encouraged 


RELOCATION PENSE PAID 


Wi rot take ‘ it toda to tell u about 


week 


\A te n confidence tat ili requirement 
J. Rosselot A. Munther 
P.O. Box 132 P.O. Box 535 


Idaho Falls, Idaho 


GENERAL ELECTRIC 
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chapters on mineral commodities, a 
chapter reviewing these industries, 
a Statistical summary and recapitu 
lation, and chapters on mining tech- 
nology metallurgical technology, 
and employment and injurie Vol- 
ime II, Fuel ($2.25) consists of 
chapters on each mineral-fuel com- 
modity, as well as chapters review- 
ing the industry as a whole, a statis- 
tical ummary, and an employme nt 
and injury presentation. Volume III 
made up of chapters covering each 
of the 48 state plus chapters on 
Alaska, the Territori and island 
possession in the Pacific and the 
Caribbean, including the Canal Zone 
It also has a chapter recapitulating 
it tatistics in summary form on a 
regional basis and another present- 
ing employment and injury data 
regionally. Volume III, 1953, is es- 
entially a reissue of the material 
covered in Volume III, 1952 


Year Book of the American Bureau 
of Metals Statistics, 36th annual issue 
for year 1956, American Bureau of 
Metal Statistu 50 Broadway, New 
York 4, N. Y., 133 pp. $3.00 postpaid 
in U. S. and Canada, $3.25 to other 
countri 1957.—This annual publi- 
cation covers, from a statistical basis, 
the economy of nonferrous metals on 
a world-wide cale. Major nonfer- 
rous metals covered are coppel lead, 
zine, aluminum, gold and silver, tin, 
antimony, cadmium, magnesium, co- 
balt, nickel, molybdenum, and plati- 
num, Some of the pertinent data in- 
cluded in this volume cover statist 

of production, consumption, opera 


tion imports and exports of the 
U.S. and the United Kingdom, met 
allurgical plants and capacities, and 


other economic information, © 


Boron, Calcium, Columbium, and 
Zirconium in tron and Steel, by R 
A. Grange, F. J. Shortsleeve, D. C 
Hiltvy. W. O. Binder, G. T. Motock, 
ind C. M. Offenhauer, John Wiley & 
Sons Inc., 533 pp., $14.00, 1957.—Thi 
is a collection of four short mono- 
graphs on four of the elements used 
i“ alloying metal with iron and 
teel boron calcium, columbium 
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IMMEDIATE OPENING 


CRUCIBLE STEEL COMPANY OF 


AMERICA 
Central Researct horatory 
Pittsburgh, Pennsylvania 
CERAMIST 
Re quire ivanced legrec ceramics 
r pr t spled with at 


clear component 
‘ ourself you'll hear from us in le than a 
Cincinnati, Ohio materials, etc. to direct challenging re 
woh problen nm these field 
end resume i mplete ntidence 
Mr Martin 
Cru tes npany f America 
t ele! 
Pitt Pennsylvania 


Steel Encased and Internally 
Plated Basic Brick Provide 


4 


e greater spalling resistance 
e reduced peeling tendency 


METALKASE XXP are chemically bonded basic brick with 
two internal plates, formed under high pressure, and are 
furnished in standard sizes, suspended arch and other shapes 
They are available in various compositions. In the illustration 
the ME‘TALKASE XXP brick is cut to show the pl ited com 
struction. ‘These plates extend through the length of the bri r 

METALKASE XP brick, having a single internal plate, 
are made in both chemically bonded and hard fired base 
bri of variou al hey are ay ul ible in st indard 
and many special shapes. ‘These brick are used in various 
parti ular applications with great benefit 

Extensive use in service clearly demonstrates the superior 
spalling resistance of the internally plated brick, and as the 
result of improved stress relief, appreciably reduced tendency 
to peel 


World's 


HARBISON-WALKER REFRACTORIES COMPANY Covrlere 


Refractories 


AND SUBSIDIARIES GENERAL OFFICES: PITTSBURGH 22, PENNSYLVANIA * st 4 Service 


SEPTEMBER 1957, JOURNAL OF METALS— 1/101 


N 4arbison-Walker Service-Prove rodu 
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Metaikase 


Good Materials 
are only the 


beginning 
of good steel 


It takes good men — every step of the way to produce 


good steel from even the best of materials. 


As a supplier, the most we can do is to furnish your men with 
the finest nickel alloys we can produce sealed, 
furnace-ready cartons of uniform pig, each marked with 

exact weight and analysis. While we know that quality 
material alone may not insure aiid steel, we're confident it’s 


one of the essentials. 


If you are still using serap for your alloy requirements, 


ask us about Alloymet pig today. 


(AL PRODUCTS, Inc. Aowision or ALTER COMPANY) 


PHONE 6-<¢ @ TELETY# ) ROCKINGHAM ROAD 


DAVENPORT, I10WA 


World's largest producer of secondary nickel alloys of certified analysis 
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Pacemakers in the 


technology of our 


electronic age 


Certain discoveries, inventions and 
developments of Bell Telephone Lab- 
oratories have been truly epochal in 
their effect upon the technology of 
our time. Each has come out of a sin- 
gle quest—a search for ways to make 
telephony ever better. But many have 
opened the way to exciting advances 
in TV, movies, radio, horology, astron- 
omy. Here are ten of Bell Laboratories’ 


contributions to the modern world. 


BELL 


ct 


wor 


Electronic amplifier. First high-vacuum electronic Gniplnes 
Made possible long distance telephony and then opened th 
way to radio broadcasting 


Wave filter. Precisely separates bands of frequencies. Pro 
vided major key to economical sharing of the same wires by 
many voices or radio programs. Indispensable control tool in 


radio, television and radar. 


Negative feedback amplifier. ProvMes distortionless and 
stable amplification. Made possible the enormous, precisely 
controlled amplification needed in long distance telephone 
calls. The principle is now basic in high-quality amplifiers for 


radio, TV and high-fidelity reproduction 


Quartz crystal. Standard super-accurate quartz crystal oscil 
lator developed for frequency controls in radio telephony 
Has also become the standard control for clocks in world’s 


astronomical laboratories 


Coaxial cable system. Hollow tube with a central conductor 
was developed to transmit hundreds of voices simultaneously 
Now also provides long distance carrier for TV in partnership 


with microwave beams 


Transistor. Tiny solid-state device uses extremely small 
amounts of power to amplify signals. Makes possible electronic 
telephone switching and much smaller hearing aids, radios, 


TV sets and electronic computers 


Dial system “brain and memory.’ Takes over your call 
and sees that you are connected in the best and quickest way 
Newest example: Direct Distance Dialing from home tele 


phones to any part of the nation 


Waveguide. Hollow conductor transmits high frequenc y waves 
From this came the “pipe” circuits that are essential to radar 


and very short wave radio communicatons, 


Microwaves. Bell Laboratories developed long distance mi 
crowave transmission. It operates by focusing radio beams 


from station to station, carries cross-country telephuny and TV 


Radio astronomy. This great new science began in the study 
of radio interference at Bell Laboratories with the tremen- 


dous discovery that radio waves emanate from the stars. 


TELEPHONE LABORATORIES 


TER OF COMMUNICATION RESEARCH AND DEVELOPIZENT 
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NEW U.S.1. ZIRCONIUM PLATELETS 
ELIMINATE SAFETY PROBLEM 


ailable an rtant me 
government and it 
nad 


fot 
nex \ au millior 
try from | | 


for ine 
million pr 


ve the 


abe 


over 
mmitted to the A.B 


Haft 


tailed instance 
rticular problem, call Bill Greenle 
vel t 


of Metals De 


U.S cHemicats co. 


99 Park Ave, New York 16,N.Y 
Branches in principal cities 
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You're look yout ame form of zireoniun The new ULS.L. production facilities will 
thie rophorie, non-l yproscopic plate make ay ol 
lets produced | | plant at Asi lu 
tabula, Ol Zirconium platelets eliminate trial use will 
the hazards of the more familiar nev 
mety i e of them te ratio af plant ind per 
rrace te ‘ Th renal hipping precau reliable 
tie re thot re ired. Platelet Hise make ource of high-quality Zirconium llbeavail 
yy ne ifer eaner melting operation able to the nuclear industry and to manu 
|’ luectior reat mo oemy facturers of chemical proce ing equipment 
ome en odium reduction For further information write for the nev 
‘ eldi toy lit metal most booklet. “Zireor mand For 
! ate tres ! chile cle ol oil 
} nod Price ine | if, Man 
ecomir nf dl these lL be reflected iis 
ered fabricated part Zi 
conium pment expected to be tilable 
in the not ¢ distant future for about twic 
ast ti ‘ teel, rit ! 


THE “PLUS” SIDE 


Nickel 

Monel 

+ Inconel 

* Molybdenum 

* Cobalt 

+ Nickel-Chrome Alloys 
+ Stainless Steels 
+ Jet Alloys 

Titanium 

Zirconium 

* Tantalum 


Not a single piece of serap making up your 
shipment of secondary alloy: from Frankel contains 
less than the amount of alloyi gq agents 

you spec ify This means that the average 

content of the alloying agents is to the maximum 
side of your specification. 

That's your standard Frankel bonus. 

fou pay nothing for it. 

No wonder more and more buyers of secondary 
special alloys are turning to Frankel. 
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These Goggl 


Operate Easily 
Even in Large Sizes 


Regardless of how long they 


may stand unused, Bailey 
Goggle Plates free easily to 


close or open the gas main 


With goggle plates either 


closed or open, a powerful 


clamping force assures a gas- 


tight seal dependable pro- 


tection for men and equip- 


ment 
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plu tantalum) and zirconium 
These monograph were written by 
autnoritie in the field and collect in 
“ ingle binding all the cattered 


publi hed and unput lished data on 
these important alloying metal The 
book eases the burden of research 
placed on the engineer and metallur- 

t by making available to him ac- 


curate information in a clear and 


The Science of Engineering Materi 
als, edited by J. E. Goldman, John 


Wiley & Son Tne 220 pp $12.00 
1957 Why do material behave a 
the io’? This book attempts to an- 


ver this question by applying basi 
principle of solid state physu« to 
the explanation of properties of ma- 
rial The DOOK | the work of a 
number of the outstanding scientist 
and engl 
neering fields. In defining the actual 
ecular makeup of material they 
explain and interpret, qualitatively 
tre properts of meta alloy emi 
conductor cement polymer and 


Elements Of Pure and = Applied 


Mathematics, by Harry La Me- 
Graw-Hill Boo Co. Ine 491 pp 
$7.50, 1957 A thorough treatment 


ven of the variou ibject in 
classical mathemati which are 

ost useful to the engineer and 
physicist. It cover ind illuminate 


of the ubsect that an under 


] encounter! 


iduate math major wil 
in course vorkK, and give him 
good preparation for the use of ap 
plied mathemats considerable 
number of examples are worked out 
in detail, and probler follow each 


ection. @ 


Heat and Thermodynamics, 4th ed) 
tion, by Mark W. Zemansky, Mce- 
Graw-Hill Book Co. Ine 444 pp 
$7.50 1957 Fundamental idea of 


temperature, work, internal energy 
heat, reversibility, and entropy are 

iver with examples and applica- 
tions mostly to ideal gase The prop 
of chemical, linear urface 
electric, and magnet ystems are 


ntroduced in the beginning and used 
in general discussions instead of be 
ing reserved for special treatment at 
e end. Method of measurement 
ire explained throughout the book 
ind actual numerical data are given 


numel i table 


The Demand and Supply of Scien 
tific Personnel, by David M. Blank 


ind George J Stigler National 
Bureau of Economic Research, 261 
Madison Ave New York 16, N. Y 
] $4.00 


and profs onal worket! inder a 


Continued o page 1109 
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Stigler have investigated Vay to 
q ov expiain ar ieventually to predict the 
1221 BANKSVILLE ROAD PITTSBURGH 16, PA demand and supply of technological 


Rare Karths 
and 


Steel 
KHaxecutives 


Interested in producing low-carbon steels 


Decreasing production man-hours 


Increasing shippable yields 


Man-hours of production cost and shippable yields now afford the 


steel producer just about the only Opportunity for improvement to 


meet price and quality Ccompeution, 
The addition of but small quantities of MCA rare earth materials 


frequently results in valuable savings in surface preparation Costs 


and increased shippable yields, both of which have been demonstrated 


in production runs. Plate steels, deep-drawing sheet steels, low-carbon 


steels, silicon and stainless steels, and steels demanding transverse 


properties are among those especially susceptible to improvement 


with rare earths. 

The substantiated proof of rare earths in steel-making economy and 
MCA’s technical knowledge are unsurpassed. Write or call today for 
details, 


Grant Building CORPORATION OF AMERICA Pittsburgh 19, Pa. 


Soles Representatives Brumiey Donaldson ¢ s Angele Francisco 


Subsidiary Cleveland Tungsten, ir evela 


Plants Washington, Pa, York, Pa 
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AMS 
ON CoRPORATIO 
Chamb FERS AND CONTRA N 
er of Commerce Bldg CTORS 


Pittsburgh 19, Pa 


PURC HASE 
ORDER 


Ship To Amsler Mow... -. 


Again, Past Performance Paves the Way 
to NEW FURNACE Orders for Ramtite 


ind copir as in other re pit cover and coping Ife Th explains why 


ts performance that count there are more soaking pit yers lined with 


Ramtite than with all other pl 1 and ca table 


er-inereasin refractorie combined 

Morton The Ramtite Co. offer you a complete ales 
engineering ervice experienced men who are 
always available to study your refractory prob 
iems and consult with your engineering, mason 

ni and ceramic department about youl! specific 


more 
need 


Ramtite 
d thermal For additional information, call your local Ram 


nm doubled tite representative 


CAN YOU AFFORD NOT TO USE RAMTITE? 


\ 


Co. 


DIV. OF THE S. OBERMAYER CO 
1811 South Rockwell Street Chicago 8, Illinios 


1957 This «s another in a ' adver ments depicting ways Ramtite Refractories serve the steel industry 
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it to the National Bureau of Eco 
ic Research by the National Sci 


Foundation. In numerous area 


1 information necessary to reach 
precise conclusions is incomplete, and 
their report provides a valuable guide 
to type of economic information 
needed for fuller and deeper under 
tanding of the technological profe 


lon 


Compilation of Steel Piping Materi- 
als, American Soc for Testing 
Material 1916 Race St., Philadel- 
phi a3, Pa 455 pp $4.50, 1957 The 
reat need for materials to handle 
hot liquids under pressure make 
thi compilation a timely addition to 
ibrari of chemical and me 
ngineer petroleum engl- 
utility facility designers, and 
those concerned with nuclear power 
Among the topics covered are pipe 
boiler uperheater, and miscellane 
ou ) teel tube heat ex- 
condenser tube The 
un 60 pecification 
ind one classifi 


Brittle Behavior of Engineering 
Structures, by Earl R. Parker, John 
Wiley & Sor Tne 323 pp $6.00, 
1957 Thi book ummarize the 
available information on the brittle 
behavior of teel in engineering 
tructure It contains a discussion of 
the theories and mechanism of fail- 
ure, a review of test methods used 

for evaluating relative brittlene 
interpretations and ummari of 
t result i discussion of the effect 
veiding composition variations on 
and a report of ser- 


Elements of Partial Differential 
Equations, by lan N. Sneddon, Mc- 
Graw-Hi Book Co. Ine 327 pp 

1957 The book cover the 
elements of the theory of partial dif- 
ferential equations in a form suitable 
for the use of students and research 
worke! vh main interest in the 
ub lhe in finding solutions of 
particular equation rather than in 
the general theory. Many worked 
examples and practical problems for 
olution by the reader are included. ¢ 


The Machining and Grinding of 
Gray and Nodular (Ductile) Cast 
Irons, by Norman Zlatin and Charl 

F. Walton, Gray lron Founders’ So 
ciety Ine 930 National City E. 6th 
Suilding Cleveland, Ohio, 57 pp., 
$3.00, 1957.—The Manual is intended 
ind produce 
Abundantly illustrated and includ 


component 


jumerou commercial and prac 
xample it constitute a real 
and ready reference 
finishing. @ 


VACUUM FURNACES 


Hevi-Duty builds pit, bell and elevator furnaces for single and 
double pump vacuum heat-treating applications. Water cooled 
flanges perfect a vacuum seal between retort and furnace shell 
All types of Hevi-Duty furnaces can be built to accommodate 
a vacuum retort 
These standard features of Hevi- Duty vacuum furnaces pro 
vide economical and efficient operation 


> Clean. safe. easily regulated heat and long life are 


vantages of “Return Bend” heating clement 


> Proper temperatures throughout the furnace chamber 


obtained by zoned heat control 


Heat losses are minimized by layers of preformed 


laminated insulation 


Write for Bulletin 557 for further information about Heo Duty vacuum furnaces 


HEVI-DUTY .ELECTRIC COMPANY 


—~=«a MELWAUKEE 1, WISCONSIN — 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 
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METAL RELATIVE MACHINABILITY 
De Made Wi magnesium 1.0 
cast aluminum 
brass 
cast iron 
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mild steel 
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vive you more information about the 
um. Contact the nearest Dow 
CHEMICAL COMPANY, Ma 


Midland Michigan Dept MIA 1404P 


YOU CAN DEPEND ON 
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 CONTACEMI! 


INSTRUMENTATION FOR 
RESEARCH, MATERIALS 
CONTROL AND PRODUCTION 


ADIOGRAPHY 


Kray Dilfraction Equipment 


-ray Dilfractometers 


ray Spectrographs FOR MICROGRAPHIC STUDY OF OPAQUE MATERIALS 


ray Thickness Plating Gouges 


ray Absorption Apporotus 


ray Crystal Analysis Units 


ray Tubes and Rectifiers 


Cameras, Sample 
Spinners, Pole Figure Devices 
and Accessories 


Autrometer— 24 Channel 
automatic Element Analyzer 


ray Custom Built Equipment 
for Special Applications 


Geiger, Proportional, 
Scintillation and Fiow Type 
Detectors 


APPLICATIONS: 
Metals, Alloys, 
Biology, Botany, 


Electronic Circuits for 
High Speed Detectors 


with Pulse Height Analyzers Paints, Pigments, 


Textiles 


Decade Scalers and Ratemeters \ 


Electronic Timers 


Line Voltage Regulators As a complement to light microscopy, contact microradiog- 
raphy is supplying thru-focus (penetration) data on opaque, 
Radio Compass Controls semi-opaque Or transparent materials 


Electronic Testing Equipment This growing technique eliminates the need of special prep- 
arations and conditioning of samples which normally intro- 
duce the question of artefacts and matrix distortion. Contact 
microradiography of materials in a natural state provides 
complete penetration studies of the superimposed structure 


Electron Microscopes 


Electron Diffraction Equipment 


Emission Microscopes of opaque materials in the order of 5O microns or greater 
High Voltage Generators This technique provides data which is otherwise unattainable 
In addition, it provides an indispensable complement to micro- 
Contact Microradiographic scopic techniques not only where distortion must be veri- 
Equipment 
fied, but also to reveal the superimposed details of opaque 


materials with ultra-sharp focus throughout the entire thick- 
ness of the sample. Because of the straight-line penetration 
High Pressure Equipment characteristics of X-rays, critical studies of internal structures 
of semi-transparent and transparent structures may be rou- 
tinely made. In practice, the specimen is placed in contact 
with a fine-grain film. Vacuum camera may also be employed. 


Ges lLiquefier 


Industrial X-ray Equipment 


Industrial X-ray Fluoroscopes 


An ultra-thin window X-ray tube provides select long wave 
Industrial Image Intensifiers radiation penetration. (1-1) micrographs can be enlarged 
with Closed Circuit Television 400-S00x photographically 


90% Cu - 2% Be - 20 micron 
" section 5 Kv - 3 Ma - exposure 
in a safelighted darkroom without the need for protective time 4 mins. Enlargement 


135 


I ntire unit, operated from standard A.C. outlet, can be used 


provisions 


PHILIPS 
Division 


Instruments 


SOUTH FULTON AVENUE, MOUNT VERNON. NY 


Scientific and Industrial Division, Philips Industries Limited, 
11 Brentelifle Road, Leaside, Toronto 17, Ont. 
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The 


Gaspe Smelter 


by G C. McKerrow 


ice. It requires about 3 hr on day shift to de- 


ASPE Copper Mine Ltd. 3 ituated at Mur furni ! 
lochville, Que in the Gaspe Peninsula, about liver a@ day upply of concentrate to the rever- 


160 rile northeast of Montreal. Sixty mils from beratory bin 
the Port of Gaspe and 30 miles from Port of Mont The receiving department has two 200-ton bins for 
Lou highwa connect with Murdochville which 1 toring siliceous ore conveyed from the underground 


crushing plant. The flux as received is about 25 pet 


to treat 450 tpd of con 1 in. From the torage bins it is passed over a 


centrates and produce 110 tons of copper. Construe double deck vibrating screen where the tl in 


thon started in 1954 with completion seheduled for material 1 ent back through a 3 ft cone crusher in 


early 1955. Howeve the whole project suffered a closed circuit with the sereen. Usually the 1 in 


postponement due to a year delay in receiving muterial is sent to the converter flux bins or to the 
hydroelectric powe Fires were litin the reverbera fettling bins at the furnace. However, if the flux is 
t furnace on Nov. 14, 1955 and smelting of con too wet or contains too many fines, the Vy in. frac 
centrates began on December 2nd. The first anode tion can be removed by using the lower deck of the 
vere cast on December 9 creen 
Law rade copper ore ised for flux and 1 For handling reverts, or fluxes in case of an in- 
ished and transported as far as the concentrator terruption in the regular supply, there is a 50-ton 
by the same conveyer tem that supplies the con bin ahead of a 15x30-in. jaw crusher. The product 
nitrate vith ore. Flux and concentrates are sent of this crusher go to the 3-ft cone crusher and then 
tov thee rrieTte from the concentrator on separate oi the flux sereening and handling system. The 
iperimposed conveyer Which are housed in a com 'y in. product from the creen can be tored in 
! alles The concentrate storage pond adjacent either of two 50-ton bins. These bins have feed gate 
to the mill was built to take care of concentrate pro and belts with variable peed drive which allow 
cluct rh before the melter tarted, and for ubse the materials to be ent to the melter bins at a rate 
juent Lin pee nh production o1 nterruption in of 50 tons per hr, or they can be so regulated that 
rroeltue The pond is a concrete-lined basin into mall additions of the order of 1 or 2 pet can be 
vhich thickened concentrates can be pumped. They made to the concentrates as they are being sent to 
are reclaimed by washin into a imp from which thie melter 
thie are pumped to the thickener to join current A 15-ton capacity surge bin mounted over a pug 
production, Capacity of the pond is between 12,000 mill receives flue dust After the dusts are pugged 
and 14,000 ton with water the are normally discharged on the 


conveyer carrying concentrates to the reverberatory 


Receiving department furnace bin 


Concentrate are received by conveyer from the 
concentrator and are stored in two 250-ton bin Reverberatory furnace 

The concentrates are drawn from these bins at the - - 

ite of 150 tons per hr and pass over a conveying The reverberatory furnace measure 105x30 ft 
cale followed b an automatic amplet Moisture from face to face of the binding teel, and 99X25 V2 
ample ire cut manually at the discharge of the ft inside the brick work at the normal slag line. The 
af carry the furnace foundation consists of a band of reinforced 
to two bins above the firing end of the reverberatory conerete extendin to bed rock The foundation, 

including two transverse ribs tying in the ide 

G C McKERROW is Smelter Supt, Gaspe Copper Mines Ltd was poured as a single block, except the firing end 
Murdochville, Que, Canada Paper presented at the AIME Annual wall which was poured separately. Above the foun- 
Meeting, New Orleans, February 1957 dation for the first 5 ft, instead of brick walls, beam 
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mit 
Thesmelte won dine’ 


were Cast ol 


nous cement 
and skimming 
anchored by 
Brickwork wal al mi if ilica and 
chrom 


jackets a! din the firing wall and at the lag 


burned wate! 


line | kimn v area whe! annot be 


protected by ! Ling The roof of furnace and 


he ou flues are of suspended basi rick. The 
uspended roof and the charge floor with its feeding 
equipment are supported by the buckstay 
for the bottom called for a foot 
tamped Noranda reverberatory 


When 


would have 


and 3 i | magnet concentrate 
appeared likely lat frozen magnetite 
decided to sub 
» pet roll scale and 25 pet 


handled in the winter, it wa 
titute 
verberatory las vw the magnetite 
Afte1 tamping 30 in. of this mixture in place the 
furnace was fired with the intention of adding more 
as the fused materi When a pool 1 ft 
deep and 45 ft lon molten 
trated down one side of the furnace until it reached 
cement concrete. It cut through thi 
up on the outside of the brick 


concentri 


lumped 
formed lay pene 
the aluminou 
material and welled 
wall, burning two buckstay 
Afte: a two-day dela. for 
was charged along the side walls to protect them, 
blown into the middle of 


bottom 


repal iliceous flux 
and straight roll scale wa 
the furnace and melted down. A refractory 
was secured for the firing-end zone in this way but 
the fettling was attacked and slag 
20 pet silica flowed into the 
ered but did not penetrate the tamped bottom mate 

rial. When the level of the reached the 
matte tapholes, fusion of roll scale wi topped. The 
bottom wa allowed to anneal for four day at 
2100 F. and then charging the with con 

After three 
matte penetrated the fused slag layer in the 
and rapidly 


mixture. In two 


containing 15 to 


kim end where it cov 


molten slag 


furnace 
centrate Wa begun melting for 
week 
kimming end of the furnace replaced 
the underlying roll seale and slays 
week the matte had penetrated to an average of 
2 ft below the taphole level ovet 


mately 15x40 ft. The replacement 


approx! 
urred at 
irregular intervals over areas of 

violent boiling, probably due to 
The original fused bottom 
affected and ha 


accompanied 
the escape f moisture 
in the t Wa not 
little erosion 


hown 


The furnace 
which are 944+ 
$-ft interval 


charged for a from the fir 


Diesel truck with 120 cu ft pot used to haul slag to the dump 


naining 25 ft of wall served by the conveyer 1s 
ith siliceous flux 

located between the con- 
firing end of the 
furnace. Below these bins is an 18-in. reversible 
huttle belt which can feed either the flight con 
for fettling the firing wall 
vibrating feeder 
revert 


[Two 50-ton bin ure 


centrate torage bin above the 


evers or the charge bin 
Ihe bins dischars on a 
which allows measured amounts of flux, o1 
material if this is available, to be fed at one to fou 
tons per hr together with concentrates, One bin has 
fettling flux at 
about 20 tons per hr. The purpose of these bins is to 


mall 


a second discharge pipe which feed 


allow corrections to be made to the furnace charge 
and provide fettling material for the firing wall and 
ide wall 

Although it had been planned to haul 
dump ina Diesel-electric locomotive, it was 
that heavy nowfalls would present serious diffi 
cults It was decided that Diesel trucks could 
handle molten slag and one with a 120-cu ft pot was 
ordered. It has been in successful Operation since 
August 1955 

rhe firing system of the reverberatory furnace 
originally consisted of four mechanical atomizing 
burners and two foreed draft fan The primary 
rated at 14,000 cfm at 14 in. of water pressure 
and | econdary fan, 
rated at 13,000 cfm at 6 in. of water, is driven by a 


lag to the 
realized 


fun 
driven by a 50-hp motor. The 


20 hp moto! 
If the 
ary burner ims the idewall 


kimming end of the furnace is cold, auxih 
about 20 ft from the 
end wall, are used rather than lengthen- 
from the At the rela 
firing rate which have been required 
irable to use only the two 
other two burners have been 
These two burn 
with firing rates 


ing the 
tively low 


to date, it wa 


flare main burner 
found de 
inside burnet The 
removed and the port 

have 
up to 600 pg 


bricked up 
performed satisfactorily 
al per hi 

By measuring and regulating the supply of fuel 
furnace draft, good fuel 
steady and 
analysis of the furnace gases with an Orsat appara- 
twice a shift. Gases at the sam 
firing wall run 0.4 to 0.8 


and air and controlling the 
econom is achieved. The fire is very 
tus is made 
pling point 75 ft from the 


pet © and no CO 


Converters 


The converter aisk 200 {t long 
ure 49 {ft above the 
tween the rail 
upporting the crane rail girder in front of 
which will allow the 
furnace to expand towards the converter aisle with- 


the crane rails 
yround with a 60 ft span be 
There is a 50 ft span between the 
column 
reverberatory furnace 
rfering with the crane runway 
re are two 14x30 ft Peirce-Smith converter 
kcept the riding rings are 18 
usual 15 in. The 


iter with 


ventional design ¢ 
0 tuyeres are 
tuyere pipe 
have 


punched manually converte! 


in upplied by conveyer belt 
150-ton flux 

behind the 

provide the weight of flux used 

pel Behind the 

rm there is an indicating flow meter 


which are in a 
converter flue 


nift of day 
converter and an indi 
ighted 
hood into the converter mouth. In the 


upplied to the 
recording adiation pyrometer, 


fice there are running time meters and 
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enforced concrete made from alumi- 
‘ 
re 
ide charged by flight conveyer tee 
ft long with charge pipe paced ut pe Rs 
on each ice Concentrate are aS 
ng wall 
4 per hlow ul 
Ca rij and 


und 
from 


base and 
hell and 


theeous flux 


irnace 


75 pet SiO, and 


and alumina, 
concentrate y 


<i <i 
\ noted late 


with the most 


es and low fuel 
have 


Deen a low a 


Slay losses are 


ped should be 


i¢ 


above 2100 


rnace 


Conce 


lace originally had 


a Wa 
ion Vv not enough 
tween 


directl into b 


eved 
ii i low n h water-cooled dampe! 
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building 


ntrance of the 


: ot f and inte stir flow meter for a de bu ‘ together with the dust collected in the first 
to the converte KU ft of flue beyond the converte! charged to the 
if i turboblowe ated t converte The just from the remainder of the 
eft f and driven by a 1900-hp nchronou flues ahead of the cottrell discharged into a surge 
‘ pows failure to the blowe the beneath the cottrell dust hoppers and pumped to 
tatters at The cottrell electrical precipitator consist ot 
three init in parallel, each unit having three 
Anode furnace tion eri Each section has 22 rod-type cur 
The Anode furnace follows N nda de n with lis f ow tension electrode Rapping both the 
| cule and j ended } oust nad intake Vill itomatic and manual control Total powel! 
Maximum capacit f the oe 145 tor Bun nput es between 70 and 80 kw 
‘ ( oil ised as fue th a stear ite he collected dust drawn from hoppers be- 
bourne Coppe poured | hydraulica me eath the precipitators | crew conveye! | | 
ited spoor nto mold , cular castin ar brane lischarged into the same tank as the flue dust 
mold heel has a Ward-Leonard it pumped to the receiving department 
ath ition deocete md tach 00 It? n $2 ft ID at the 
the mold we sutomaticn 7 ned heneath the ft ID at the t Between the concrete 
poor 625-lb anode cust at the sits f 40 tor the acid-proot brick linin there | < in. of fiber- 
‘ i! a0 ure cooled Nile na nsulation 
further cooling before being stacked for shipment Operations 
the refines 
(saspe concentrate conta 60 to pet chal 
‘ ind lead and = zine ulficde The gangue 
There are two waste heat bole euct witt n the Gaspe Copper orebodi is siheified time 
1260 sq ft of heati inface n the furnace ectior tone and both tt concentrate ind siliceous fluxe 
ad 8224 sq ft in the ectior contain appreciable amount of lire Thi 
shied for euch to make 25.000 Ib of stear content iflicient to ve reverberate lias run 
! it 450 4 ind 650 F unde normal operatin » to 10 pet CaO If the converte lags are 
nad be able to produce pet more kept} hour lica, little or no except 
Vithout on undu } } ‘ the outlet i ! need be added to the fume charge 
attire nm cause thie Vit rut Phe converte flux containin 68 to 
to | pet with low 
hilo rich bee ure placed inl ‘ Vill pet Bi, the effect of v 
thie espective ribet I} | out \ ne practice is convent 
thie firection of the it the 7 nt of notable point bein low Liat 
4 tratu the dust load on one le of the bork and O19 pet Cu with a 33 pet Cu matte. i es 
either accretion tube « bot* owest when the llica is over 3¢ pet 
be wsolated nspecth ‘ epu | elit ‘ cold, that nthe 1980 to 2030 
there are ten soot Dlows rm vale With a ! t ol flame and eadil fusible charge 
‘ ection and ten in the convection seetior out ¥ temperature slags can be run until the tonnage 
done onee a da isu i it 250 | es above 450 tod Then, the } her smelting rate 
Ve bittle quired Creuset trie lu temperature to | 
howe enerated trot teat not required to md losse vill increase t 0.03 to 0.05 pet Cu 
} rigele ky Lurbopere il Law ratte ure due part to the nature of 
ef inate iptior to case the turbe trie nonsulliade portion of the concentrate which 
ito le if adow! Kiri pole ot! Va ha to I it ol to ] with low 
vere provided on the boilers in addition to the regu mmina 
utet valve and the Viale tre tment int wa addition of » to 10 pet flux to the charge 
made large enough to supply the bole it the no ses the fuel consumption per ton by 15 to 20 pet 
' operatin ate it the turbine condet The difference in elev ition between the bottom of 
eturt the if skimming slot and the matte taphole is 36 
! Above the level of the matte taphole 0 in. of 
! Flues and cottrell juid are carried with 15 to 25 in. matte. Possibly 
melter lavout result 2 cor ty Vil to the depth of the slag in the fume, there 
flue but allow converte ind reverberato ae huve been no explosion due to wet gmmmentrate 
to mix before enter the cottrel and leave ome ct ! nto contact with molten matte 
de of the smelter open for future expansior outlet flue from the fur [i 
Where the thue rum outside the melter burldu an area of 90 q ft Th Wi t I { rit 
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the 


conti 


temperature round 2 
nd lependin on cony 


addition 


ve 


Cony 


hbo 
ba 


ari 


and 


ut 


cond! 


on ta 
to 

tentl 

utlet 


lsh wi 
Molten 


th granulated 
it 
hood ft 
flue 
flow 
blowing 
of draft 
the rier 
draft be 
ell dust collecte 


month 
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d uu concentration 
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dust 
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{0.000 


} 


hi 


production pet Input 
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tack 


) per and consequently the nput ¢ 


about 2 
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ring periods of 
am demand } 
{ d to keep 
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pool 
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n the dust 
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point wa reduced to 40 j it tonnage, HZ BE hea ing set 
One converter can produce ido ton coppel the | 
? 
per day fror 33 pct matte At the present produ ul a 
litt] 
tion rate the converte yperati a little more 
than half the time bee 
The onvertetl rv 
( nve'l ol 
at 2240 With a single operating, 
ave i great deal of time to finish copper with a it ae 
1 thr 1} st Kim slag 
granulated slag, and thus avo. © SKIN an, 
again f draft at the Cot 
beer 
Mi 
tained 
The 
each, are wire Dal 
ore 
Phe orig 
nage of 
da 
ae 
entrate 002 7 29 26 12 00% 
‘ 7% af 2 J 

‘ ‘ 

, 
Concent te elted, tor 4.20 \ ny luced, t 2.580 2.160 
j ‘ 4 y 20.427 

Btu per te ; t k and (est ited 

‘ Ore ed 

SA, 


ASARCO’s since 1887, grown with 
the Southwest mining industry. 


lL, PASO Sn 
E of the ol 
Its history res 
ustom smelt 
unusual factor 
velopment of 

The earls 
in Mexico 
nining ad 


reater proe 

T. J. WOODSIDE and B ROBERTS are General Superinte ndent 
El Paso Smelting Works, and Manager, Southwestern Dept, respec 
tively, American Smelting and Retining Co Paper presented at the 
AIME Annual Meeting, New Orleans, February 1957 
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by T. J. Woodside and B. Roberts 


dail 

nonths after 
Consolidated 
with which 

the 


on. El Paso Smel 


ASARCO to the 


he 
4 
= 
A hk | . 
elting Works, founded in 1887 one melt One of the ore buye vas Robert S 
t ronte ou le ! thie | bowne who Dullt a to the nort from Chi 
il rmiuch of the istlu ‘ huanua Cit 1 I Pase He t established a arn 
. operation md a contau i few pli plant at El Paso, and in 1887 built mall 
which have contributed to the de ead smette with a capacity of 150 ton 
e present | int rm the te of the esentt int. A few 
iwomuch act t n lead mini cor letior was taker ve by the 
serra Me i sunita K ‘ smeitit ind Refining Ce 
f Chihuahu were fir lnted te com Towne was associated and he 
t general manage In 1899 the American Smelt- 
ind Refining Co. wa anized, and the Con 
olidated Kansas Cit Smelting ind Refining Co 
vas al bed in th ‘ | 2 
Works ha emained a unit of ee. pi: 
ent. In the ea 1900 coppe production in the 
ithwest a immed ibstantial proportion and 


ASARCO constructed coppel blast furnace and a rial The lead ide contain five 600-ton bedding 
converter at the El Paso plant, followed in 1912 by bins, used for concentrate, and nine pocket bin 


reverberatory furnace The slag fuming plant for 


tructed in 1948 Lead smelting 


recover Wa con 

FE] Paso has alway ope rated as a custom sme Iter Dwight-Llovd charge | mace up DN proportion 
and. beginning with the ores from Sierra Mojada in ing pan feeders discharging onto a longitudinal belt 
Chihuahua, its principal source of lead ore and beneath the bin The charge | creened throug! 


concentrates have been New Mexico, Arizona, and l4-in.. the oversize going through 24x30-1n. cor 


at present, Africa and South America The copper ugated rolls. and conveyed to a 11-ft diam mixing 
melter started with the smelting of oxide ores from table at the top of the sinte plant, where return 
Arizona and New Mexico, followed by‘ ulfide con fines from the first-over machines are added. From 
centrates in 1912 from Chino Copper Co. at Santa the mixing table the charge is distributed by trippet 
Rita. New Mexico. and later many produce! in belt to hoppers over eat h of the first-over machine 
Arizona and the outhwest. Today the principal A variable speed mixing table under each hoppet 
ource of copper concentrates is ASARCO Silve erves to control feed to the machine 

Bell mine northwest of Tucson, Ariz Three 42 in. by 22-ft and one 63 in. by 31-ft ma 


The plant proper occupt about 65 acre located chines are used on first-over, Pallets discharge onto 


two miles north of El Paso. Delivery of all material a 
followed by 54x24-1n mooth roll The product 


crushed to 4 in., is raised to the charge floor level 


pan conveyotl feeding 34x20-in. corrugated roll 


moving by rail is made by the Panhandle and Santa 
Fe Railroad, but the city 1 erved by many rail 


road Thi location, at a railroad centel ha been Dy bucket elevator and conve ved to final machine 


hoppe! the charge mixing table or to a 1L00-ton 


a big facto! in the longs effective operation and 
torage tank 


yrowth of the smelter. Another factor has been the 


gradual enlargement of the outhwestern mining 
community bringing about a corre ponding en 
largement of smelting faciliti o that today the 


plant is versatile and can bid competitively for ore 
and concentrates throughout the world, even though 


ituated about 600 mile from the nearest eaport 


Ore handling 


Except for a few true k lot ore 1 received in 
railroad cars. Cars are weighed loaded in when 
empty, and moisture samples, consisting ol two kilo 
taken from at least two post hole are taken and 


dried at 220 F for 48 hr. Concentrate and other 
fine materials are pipe-sampled in the car; granulat 
material uch a retort zine residue are augul 
ampled, and crude ore and other coarse material 


are put through the crushing plant where an auto 


matic sample is cut. Due to the very great variety) 
of ore and byproducts received, a grab ample i Tapping the reverberatory furnace 
taken immediately after wel hin all lot where the To the raw charge which carr 105 to ll pet Ss 
metal or impurity content is not definitely known, a is added sufficient return first-over sinter averaging 
a guide to disposition $5 pet S to bring sulfur in the feed to 6 pet. One 
The crushing plant consists of a 300-ton bin feed 63 in. by 31 ft and one 63 in. by 40 ft machine pro 
ing a No. & Gyratory followed by a 4 ft Symon duce final sinter averagin 1.5 pet S, 25.5 pet Pb 
cone. The Symons product, most of which 1 1 in and 7.3 pet Cu 
goes to a Vezin sampler which takes a 1/5 eut. The The larger machine has water-sealed wind boxe 
ample passes through 30x14-in. rolls followed by and is equipped for recirculation of gas from the 
another Vezin taking a 1/10 cut, a second set of final wind box. Charge consists of crushed first 
rolls, and finally a duplex Vezin cutter taking the ove nter plus 2.5 pet coke breeze or lov volatile 
final sample for the buckin GUE Reject from the coal. Cast stainle tee! grate bars are used on all 
ample train goes to 54x24-1 olls in closed cireuit machine Ienition muffles are fired by natural ga 
vith a 4x8-ft Tyle creen, The final product Gases from all machines are cooled to 220°F by 
n., Boe to the ore bins or to railroad cal for stock vate! pra na conerete chamber ahead of a ten 
Phe ind creer issed whet ection baghouse containing 1760 18 in by 30-ft 
crushing converter flux vool-dynel bag An unlined concrete stack, 610 ft 
Box cars containing concentrates are unloaded to high. serves the baghouse 
belt conveyors by pay-loader or by hand shovelin Sinter is drawn from discharge hoppers of the 
Dump cars containing mat il not requiring crust final machine into three ard double ide dump 
ing are dumped direct! nto ore bin Coppe col torave battery truck Which transport it to the fur 
centrate in open Ca inloaded b crane to a trip nace charge cat Coke added to the charge cat 
per belt feeding the bedding bir from weigh-hoppe! ind any direct smelting mate 
Ore bi are housed in a ngle bulldi divided al is dumped in by a front end loader. Charge cat 
flown the center, one de be ised for copper and are raised to the feed floor by hydraulic elevator 
the other for lead. The coppe de contains thres There are three 56 in. by 15-ft thimble top blast 
bedding bins of 1700 tons capacity eact ised fo furnace Effective height of column is 22% ft fror 
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“Soe 
‘ @ i » 
- P 
wedyve rouste ind five Z00-ton pocket bin tuyere Dott thi Die j ‘ ure n 
for converter flux and other direct smelti mate continuous Operation with the thi din reserve t ries 


The slag fuming plant at night, with deleading kilns at right 


lead well ised, allt ten furnace | ducts bein roaster. The roaster charge is made up of 609 pet 
tapped int , rectal ili brick lined teel settler dust, 20 pet crushed limerock, and 15 pet coal The 
inted truct Lue 1 trie tempera fume, 60 pet (Cd. is recovered 1n a 135-bag baghouse 
ture f ther tual, ey ition of matte and spe and shipped to the Globe Plant in Denver. Residue 
from the lead takes place in the setth that it returned to the sinter plant 
tapped togett nto 15-ton | ed pots fe 
by rail to the alent Slow Gow Copper smelting 
from the top of the ettte into a@ second setter Four seven-hearth 22%-ft ID, gas fired, Wedge 
ned ma thenes 12-tor le oastet are available for roasting reverb charge 
inted nh transte tral ort t the fu N nall thires ire used, each producin 2/9 ton 
' Purnaece of caleine per day with 7.5 unit ulfur elimination 
nt © lead cal ! nearl M) pet dro fort Calcine is hauled in 5-ton larry cat 
! ite poured into one f three 65-ton cast Che reverberatory furnace is 117 ft long by 26'% 
Kettle he lead till at a temperature of ft wide. The crucible water-jacketed from bridge 
the Kettle ‘ tl Vall to Kimba with cast copper! racket Dewy 
Kettle dite ‘ hort, three months being exec bath smeltin practiced, with charging being done 
Ticonnial od oda ash, coke breeze nd Dwight through four Wagstal? gun Jurner air is preheated 
Lloyd | ane lust are the kettle ure te 100 F b team-condensin air heater The 
Den filled and the d ! ed before it be prun hea arch ifficiently maintained | lu 
cone ten i with a i vd ¢ hell bucket ne to achieve campaigns of two yea! Two Eri 
ited | 10-tonm t iil ¢ md charged (it waste heat boiler produce team at 400 lb and 
to thie tre everberats Aft rougl 700 F. Reverb fuel ratio average 3340 thousand Btu 
cine lead itt the il isu per solid ton 
ist ten bucket | tor into a Revert ind ouste ust ire ed pa 
tiron kettl vhere a st 1a through a tou ection plate and e cottre dust 
Fina md decoppe iifu ecove ive 96.5 pet 
lone in a see 1 140-ton kettle. Bu cast Convertit jone in three O-ft Pieres 
rite 4 hipment ft the © ina and smith converte of which two are normal 
Perth Amt etine ypperation Magnetite coatin used. An average of 
Drs melted in a 286x8-ft fired, water 22.000 tons of blister is produced between tuyers 
wketed reverberato furnace. P fucts of the fur relining Converter flux carmes from 70 to 60 pet 
we ‘ la matte ye ind lead bullion. Matte 30. and to it idded 20 pet retort zine residue 
transferred molten to the copper converter Blister production averages 107 tons per converter 
because of its arsenic content anulated day. Au ipplied by a fully automatic 30,000 efn 
ind shipped t in Luis Pot Lead tapped di turboblower. with two blowing engines in reserve 
ect nto the drossi Ketth A steel balloon flue carries converter gas to a 
Blast furnace and re berat furnace gase brick spray chamber where tt Is con litioned witt 
ive mixed, cooled | vater sj t 160 F and water and sulfuric acid before entering a seven-unit 
passed through a l2-chambe I } ise contamuny plate cottrell which recovers 93 pet of the fume 
960 18 in. b 0-ft wooten ba After the cottrell ist are ombined with those 
All dust from the blast fur ce baghouse roast from roaster and reverberator the pa out 
ed for cad im concentratior ! i 26-ft Godfrey through a 400-ft brick stack 
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refined in one of t 


Blister 


copper ts fire 
and cast into 690 


mold wheel 


anode furnace 
Perth Amboy 
Slag fuming 
The ag 
the 


on 


fuming 
converter alsi 
Stirlin 
72.000 Ib of ean 
the 
through 


t vith a 


economi, 


two 


The 
ach IX 


baghouse contain 

used for fun 
the 
between the baghouse and 
the inlet side of the 


to prevent leakage from the ser 


ection bein 


for deleac 


the 


house inde! 


frases and one fume from 


fan cone! 
tack keep eno 
draft conve 
beneath each chamber 

operating and drag conve 
carry dust from the fluc U-tubes, and ba 
to the deleading plant, where 3 to 4 pet slack 
added before charging to the kiln The 

ID and 75 ft long, gas fired and 
2500 F at the discharge. Lead reduced 
8 pet in the feed to le than 1 pet in the prod 
which | hipped to electrolytic plant at 
Corpus Christ! 

The fuming furnace completely 
& ft wide, 21 ft long, and 33 ft high 
on each side. Air at 10-lb pre 
rate of 18,000 cfm. Tw ot 
unit coal pulverize 
coal fr 
more than 70 pet F.C 

Four 12 ladles of bla 
furnace charge Blowing 
At the end of the blow, the 
a gas-fired settling furnace where a mi: carl rn 
0 pet of the copper and 70 pet of the 

and 


ettlin 


Continuously crew 
boiler 
house 
coal | 
kilns are 5% ft 
operate at 
fron 
uct the 
wate! 
with 21 
upplied by a 
three 


low 


jacketed 
tuyere 
ure 
turboblower at a 
operated 
Oklahoma 


are 


volatile om eastern 
make 


ton furnace lia 


up a time average 
tapped into 
and 
parate 
the 
taken ! to the 
ed the plant carrie ove! 
the leat 


in the original slag ‘ 
the 
lap 
Water u 
chlorine 
operation 


went to th 


converter 


on 
dump 
200 ppn 


plant went 


fumin 


inter ¢ 


the chlor 


deleading kilt 


—— 


Double bank of cooling tubes at the slag fuming plant 


returned to 
to the 


chloride 

it quickl 
mnot be made 
thi 


baghouse 
nter plant up 
ind 


inter 


Po corres 


ofl pot 


Pit 


15 000 
HO.000 Ih furnin 
plant 


local 


rial te the 
pel month vith 
thie 


tor nont?l coppel 


Coppel 
mode 


vit The 


ona th 
Total 


| 


alaried 


Copper Operation 
Tons 
smelted 


Mano (a0 Meo 


Slag Fuming Operation 
Pet Ph Pet Za 


Ton Tons 
rh 


El Paso Operating Statistics For January-June, 1956 
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the 


point 


rate 


condition 


thre 


Vel 


furnace 
require 


powel 


ton 
en 


112! 


lead plant 
about 
Lead bullion produced 


irnace located at the end of 
type waste heat boiler rated at 
pel hi Iwo far it parallel at 
Kit force the dust-laden  gase rip 
~ 
= 
bar corrosion Is ex 
nter baghouse dust carrying in exce 
leached with soda ash The leach water carm Ao 
chlorine as NaCl to waste, and the filter cake, aa Ee 
i n LS pet Cl 4 charged to the blast furnace dy 
Waste heat ste the re a 
erberatory and 
ufficient to 
ments with some exce for sale to the it) _: eee 
compan 
At the pi 
averTape 
the same te 
amount to 
tons per 
per month, near full capaci for ll 
trouble ince enough of it tire plant operate even 
a lag dump to prevent build-up in the hift per day ba vith a 40-hour work Beg t 
With slag fuming, however, most of number of wage empolye 400, with 150 
— 
ent ; 
le ore 1 500 
hased te 2 > 
; ( 
‘ 
‘ 2K 
‘ 12 “9 “7 
rh Cu fe 
latte i4 2 2434 4 410 
sinter oke 
Raw ast ed 4.147 748 ‘ fon 
Dele ” 47 ‘ 
et 


The 
San Manuel Smelter 


oved mat 


Wilson 


ACILITH 
F stan 


Concentrate handling and storage 


‘ 


lined 

! of the 
ind double 
The side 
brick 


Reverberatory furnace 


neentriate itt 


WILSON is Smelter Superintendent San Manuel Copper 


Son Manuel, Ariz. Paper presented at the AIME Annual 


3, New Orleans, February 1957 
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, 
everh nthe Soutl est and 3 
here reported on. atte ( ‘ d 
| | 
id 
by Rk. C. rs 
A 
tive] 
| | | dried concent ‘ eontu | thre mbustion one thy oof 
O pet HO, ‘ the t ubove the hearth line. About 40 ft 
bye ‘ ‘ end. the oot ope downward un 
! thie en ter the iptuke Crucible walls are 
; ria ‘ belted bach to a idew ill that 
thre ‘ ‘ ter the meltir one, or the first 
‘ ead et thie eve re thre dewall ire topped by 
4 FI miwith n re te iit The e can 
uxecs this inction between the top of the 
erter { ‘ na +} furnace roof. The purpose is to 
tioned lew epair at the point of most rapid 
tit vhere ! ed face f crucible and sidew 
j the ree ‘ nd bet 1 the erte } ten ised brick. Outer ve 
to, thi ein at bricl The entire roof 
ty 4 i tt ! thre take ‘ iso ispende d 
evert ‘ ‘ ‘ ended arch furnace to be used in 
ed al ‘ thy ‘ ‘ 
if thie ! A er rit} oe ition there have been 
| ena eabtle te the 
roasted elt te e used at the sla inne 
all thre le vhere thre vu are pro 
‘ ily ‘ ted to the cor 
iy fy 
but on te direct the 


verter aisle on ele 
on standard gauge 
the furnace Reverb 
either side o 
pile 
diesel-el 
turned to the re 
the burner wall 


The reverb 1 


to the 


tion 


burnet! 


fired 

Wa 
In two bonle 
and exhau 
from furnace 
is produced 
mum smelti 
100.000 Ib 

A control cente! 
bustion conditions and dratt 
air preheater, Boiler 


tic soot blowing 
Construction and installation of 


furnace bottom 


reverb 1 
above 
ft bene 


end 


Blister 
into the 


copper being charged 
rotating anode tur 
located 


in each end of this furnace 


nace. Gas burners are 


and poling is also done through 
the end 


fill on 18-1n They are 
to allow heat radiation from the bottom 


paced 


top of the clay centel 
at both end 


by natural convection Six 


thermocouple 
record the bot 
room. Should any 
bottom failure by 


blow 


along the center line of the furnace 


m temperature in the control 


thermocouples indicate furnace 


idden rise cooling air can be 


throug 


in temperature, 
h the tube 


n the danger zone 


In December of 1955, the air preheater wa 


and the temperature gradually increased Ihe 
‘rs were then ignited and the temperature 


increased until all eight burners were ope! 


maximum capacity, exit gas temperature 
risen to 2500°F. and the arch at the middle 
furnace was at 2650 F. Thi 


At thi 


contain a 


ope ration took 11 
time 250 tons of converte! li blown to 


maximum amount magnetite wer 


charged into the furnace Ihe melted rapidly 
and flowed out over the lap 1 and in a pool 
6's in. deep, and the operation was completed in 4 
The firing rate was then 

temperature of the uptake 


This wa 
lag to cool lowl and anne: 


raduall reduced 
maintained for 
with a hard 
Thus the operating heat level wa 
contraction crack ap 
closed and iled themselve when 
aised again prior to introduc 
smelting began on 


charge 


1956 and the first copper wa 


After three m« hs of operation, it was found that 
ved 1%4 in. toward the converte 
ard the boiler 

racticed at San Manuel 
ntaimmed and 40 in 
e indicated that there ha 


ral hearth line at 


between 344 


been 


the present time 
at the firs end 
build 

out by reg ating rel r temper 
fettlin 


howeve! 


below the then oe 
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cally operated ca that move ae 
| 
oad tracks along each side of a 
lag can be skimmed from ee ee 
ice and carrmed to the 
lag ca hauled t 2o-tor 
ve Converte if re 
fired by natural gas, through eight 
operated at i‘ psi Coombustior al l admitted fu 
= n be preheated to 700° F in a separately had 2 
thie 
ce recove ia team 
» baffles in the 
earl t ht passage 
Olle outlet flue. Steam 
At the max! 
| ‘ 
ite rm the com 
ont tm the erb and 1800 
! including automa low the Ss 
t 1 t t 
+} rye) ( 
m poi Crise exture 
formed 
During anne ee” 
peared but the a 
tem pe rature 
The rted upon a toundatior that ! the first m ae 
rises 1 the converter aisle grade line the morning of Jan. |, = a 
and ex ith it. The foundation con cast on Jan 8 ; 
ists of sidewall wil and bottom, ¢ emiorced 
17 
concrete, which form a tank 119 ft long and 39 ft thi bus. 
wide by outside measurement The interior of the u ae 
tank is filled to the top of the concrete wall with ee 
7 
tamped clay The refract wall of the furnace the anes 
rest upon the concrete walls of the foundation cles ase 
Between the refractory walls, and above the cla no | | Bs 
magnetite ind wa tamped into place to a the 
depth of 5 ft I} formed the ibhearth of the the ao 
furnace 
Cool tubes pa hye ontally from sidewall to rit es 
; 
idewall through the concrete foundation These ut ' Bee 
tubes have 6 in. diam and are 
| 


conveyed to 


t 


I 


ind cottre dust. These dust ire then moistened 


th water and put through a pug mill. The pugged 
ite 


concentri 


}au move- 


mer inead of the pug mill are made by screw con- 


by 


\ ed 


Seven hundred tb anodes be mg cast on the 34 ft casting 
wheel Anode furnace 


copper trom the converters is received in a 


| 0-ft anode furnace. Thi esse] a rotating, o1 

Converters 
converteriike, furnace and ts fired | gas burners at 
eu ‘ ad Pierce mith converte each end. The recs pout located in the cente! 


which are 


rated from an enclosed 


eal \ conditioned, booth where the wheelman control 
! re teach converter « trols a the tilting of the anode furnace, pouring spoon, and 

i} te vell ement of the wheel. The wheel ts positioned for 
flux conve each pour | an automatic limit switch arrangement 
t ! flaw ndlicate i n the hub. The node ire removed from the wheel 

olution contre Ana operated ton ind deposited in bosh tank 

‘ ture ree ‘ ie int for coolin \n overhead crane removes the anode 


holding 45 bar 


thie tie te ‘ ted melter hus been operated on a six-day week 

hice lice \ cated nee the reverb was first charged, 11 months ago 
th ce thy hie inted i Dur that time the equipment has demonstrated 

fle ecorded the capacity to produce in exce of the planned 
Thies fore it 12,000,000 Ib of coppe per month. When sufficient 

( ! f luced tl h the side of iterials were lable, the reverb has smelted in 
t ! eu fa conve belt and chute ‘ ‘ f LOOO tor of concentrate per day. Con 


between conve 


ore 


da ind one and two thirds converters pei 


fi igain depend ipon the availability of mate- 
Flue dust | castin na been conducted three or 
boxhiiust os f thre nverte ive handled ir four times per week, on day shift only. The largest 


mtained 309 tons of coppe 


San Manuel Operating Statistics For October 1956 
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Anode Dept 
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pach the Nast heat boiler Mixed gase are 
= 
treated in a nine-unit electrical precipitator before 
aS ed to the atmosphere through a 500 
| Dust that settle n the balloon flue immediately 
i eve to three st e hoppe This dust is drawn 
j ic’) na el nme converte where 
melted with the evert or it can be taken to 
” the concentrate bins fo meitiu n the reverb 
Other dusts from the balloon flues are 
du 
\ (bout 700 Ib of dust per day is H 
| 
rye bye ley isnt 
{ ave The tu ‘ re nd serve is a stack for exhaust gase a 
tol vith 1.72 is ID BI implied ented to atmosphere Poling of the charge is done 
! ‘ | cul oduce 0.000 th igh one end of the furnace 
‘ ine eat ‘ lelivered to Anode hin 700 Ib are made on a 34-ft 
the three ¢ erte f ther | ne It liam, hydraulically driven, casting wheel carrying 
peration of two converte ls. The molds weight 5700 Ib each. Pulverized 
q Phe located in the verhouse The castu 
bn thie ‘ Phe temperature recorder | from the bosh tanks to a rack 
‘ ited ntical ometeot +} 
‘ ‘ ljustable to desired height erte 
tiperatio tha tent 
et ‘ 
te (x 
12 
( say Pct 
02 


Cominco’s Zinc Melting 
And 
Casting Facilities 


The largest installation for melting zinc cathodes in the 
world is a low-frequency induction melting unit, used in con- 
junction with the first mechanical casting machine for com 
mercial production of high purity zinc slabs. 


by J. H. Nicholson 


OMINCO installed a low frequency inductior tandard insulating and tire brich Special hea 
melting furnace constructed by the Socicta dut retractor' hape are parti imbedded in the 


Italiana Costruzioni Elettrotermiche of Milan, Ital) brick floor, These shapes are interlocking and serve 


and a straight-line inclined casting machine, manu to key in place the massive cathode bearing bloc 
fuctured by Sheppard and Son Ltd Bridgend Rach of the four furnace transformers consists of 
Glamorgan, Wales, in 1953 in the Zine Dept three induction coils, and each coil et into a split 
The S.LC_E. 60-cycle core-type induction melting bronze bushin The bronze bushin are bolted to 
furnace is of the multiple chamber type, as distinct but insulated trom, a heavy teel support plate 
from the submerged resistor type vVhich in turn is bolted to, but insulated trom, the 
The furnace installed at Cominco has three in in floor steel Precast refractor labs are spaced 
line hearths with two furnace transformers between between the center bushing and the two outsice 
and twelve channels connecting the first and second bushin The bushing are covered with transite 
hearth and a similar arrangement between. the de plate the whole bushing is wrapped with a 
econd and third heart Cathode are charged at bestos cloth and bound with a cotton taupe Phe open 
two places in each hearth, and molten metal is with top of each bushing was closed with a temporat 
drawn from the center section of the third heart plate while construction was in progre to prevent 
The Sheppard casting machine operate In con leformation durit thie ubsequent ramming op 
unction with the induction melting furnace. Ex eration 
perimental work on a wheel had been carried out The ucce ful operation of the furnace is ae 
previously, which indicated that mechanical cast pendent on the correct placement of a dense, im 
ing was feasible The traight-line inclined ma perviou homoveneou monolithie lining formin 
chine was thought to have certain advantages and the crucible and channel which will hold the 
the results have been gratifying molten zine. To attain th it is imperative to pays 
Molds are carried on an endl conveyor chain thie trictest attention to prope preparation and 
Oo that empty molds pa uccessively under a ladle placement of the refractor to observe strict clean 
traddling the lower or trailing end of the machine lini throughout the operation, and finally to di 
immediately adjacent to the third hearth of the and bake the lining under controlled condition 
melting furnace. Molds are filled with zine pumped The materials used for the final lining are an equal 
from the furnace, as they pa under the ladle. The parts mixture of ZN and ELO grades of rammuin 
nce solidifies as the molds travel up the incline and apprepate and a sulfite liquor fé the binding 


thre lab are di charged ut the head end uvent all pure ha ed trom Didier Wi rke Wei back rN 


Construction of furnace Pre pared W } ead low to cle pth ol 


to 4 in. in the sections to be lined. All surfaces in 


The pace occupied by the furnace proper is 21% 

25x7 ft Crane clearance fi chat in cathode contac with the biviin Wore iven a hie brush 
led } coating of sulfite liquor, Ramming commenced im 

cool air duct and bu Dar teedet step-down ediatel with as man ure~Tres as perate 
transfe ‘ regulat transforme ind oil « hammers as the WKINE space ould permit, Rapid 
hort passe vere made in all direction vithin the 


adjacent 
board thie 


hou ed in a iit under the panel 


ind 


The fan room on the basement level, to one ae ' _ | 


of the furnace 


The 


J. H NICHOLSON is Assistant Superintendent of Development i 
Zinc Dept, the Consolidated Mining and Smelting Co. of Canada Aft the floor had been leveled. the ooder 
Ltd, Trail, B C., Canada. Paper presented at the AIME Annual channel forme and sidewall forme vere placed 
Meeting, New Orleans, February 1957 
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Bar’ 
ger 
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working area of any one hammer. A loose layer of 
to the furnace Phe operating panel 
tt mix Wi maintamme th | 
sin floor level] rhe condenser ban} i i i fon the y Kit lace vt all 
, a times to avoid polishing, which can lead to las os 
ip fresh x to the vorkiny tace Place 
ment started in the hearth areas first, and proceeded Ses 
sick and bottom of the teel shell are lined , 
to the more ‘ tie ehanmne “ie betwoer 1} 
with asbestos mill board cemented place The 
bronze bushit Phi ork was carried on without ‘a 
base brickwork of each hearth is built up with o- 
‘Nea 


A turnace transtormer 


the 


section, showing 


The 
» carry copper flat bars used in baking the lining 


wooden 


former in place on rammed tloor formers are 


te 
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channel General view of the Sheppard casting machine, showing zinc 
flowing in asbestos cloth lined launder to the ladle mounted 
over trailing end of the mold conveyor 
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breakel 
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md baked Laborator\ 
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content 
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up 
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wit lot 
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each two 
These con 
ng of the fur 


ut the 


pel loop 


joining 


pl ed 
Coy 
wooden 


about 
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unit and 


part of the furnace, and rarnming in these areas wa pent exhausted through lov 
‘ with « freme cure nd thoroughme cor tranforme 
thy wit thie will ‘ at Ihe ‘ j tral for? ‘ ind cooling 
ere track o that the eould be knocked rite cked » that the Oerlikon circuit 
‘ or ed, but the wv len channel fF ‘ inmot close unle the fans are operating; in the 
vere left tion. The surface wa en a heavy event of fan failure, the oil circuit =m | 
brush cout of sulfite liqu The refract lined pened, taki the transformer off load 
we toy Nit bolted to the dewal md othe ko nm powe iption emerge! 
completed i fey fu ron 7 air fat all th 
4 bitte tarted le isoline 
cubicle i! ndaicatin rent 
Power in int ting kw-hr meter, an 
ale ipplied to the ten dow! duct i trequene 
P lt at 2200 volt throuvh a Westil ote ind a volt-meter on the 
house DE-ION GRID of circuit breaker which cat transtorme Rach cor 
| bye oad t the breake qd. but cat ts of fit 20-KVa init made 
! i! i knockout Vitel the furnace at itticient to correct the 
‘ rit hoard 110/220-v transfo ‘ KYM ful uppl cooling air to the 
» 24 baatte charger fo 
transl temperature alarm nit Nia 
linker ford three L500kva / ndicated that the true | 
Hu cle « phase, water-cooled Packard tran the mix as prepared was 6.7 pr 
OOO feared fou ‘ té of « tall 
ale té ‘ tral t ‘ fance and induct 
le | Haete et Cie, Basle vitzerland | ded in the ind bottom of i} 
‘ eurt breake und fou The wooden channel formers are ma 
ih cuit Dbreouke one for eact ‘ tike CoOppe flat ba and cll 
f rie The tay elect mechanist ina pleted around each inductor coil b 
() cireuit breake ire operated t pust ba vitl i t copper connecto 
it the furnace pane } ard necto completed the econdal wind 
Fach of the four three-phase furnace transforme ice transforme When Wid 
f three induction ce complete with lat current Wa nduced in the . 
‘ connecttil toy und t tton md the heat erie ited burnt out thie 
nduction ¢ wre et into the ind baked the channel sectior At the samme time the 
betwoon the heart heartl ect ! vere heated a total of 120 kw of 
I he hia everal connections which permit a t tance heats made up of 12 units with four unit 
tep change in the numbe f windi ind with n each hearth. Heat wa inge confined to the ram- 
thie ter tey ‘ ilutu transtorme powe ed t u false heetmetal cover ove! 
‘ are sbyle Phu i there the ¢ i bole and t! cove! The powel 
At til it i hut it t? ‘ tra i Pirie and tance heat- 
Con to the induction coil brought unde ‘ Vil iduall aised. A temperature > 
the furnace ! rm the fat ‘ Two fat ipply the 1570 F wa eached, at which point the re 
f each furnace transforme throug! heute collapsed. The re tance heater 
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+} a the vhee!l to cro ovel 
j j vel by rivil 
a t hine-cut spur gearing. The boost 
| 10-hp 900 rpm moto and 
ted beneath the machine near the head end on 
rer ‘ ite The actual boost chau 
i 
il 
} | teel bushed roller nad tint 
th the bottor trands of bot chain 
a 
cautery i drive en ! trie eturning 
i chain transmit i uniform horizontal 
rate the chordal action hich «om 
rie: che eo] the normal head drum drive 
ant It produce mooth transmuissior 
hich is essential if the surface of the zine slabs 
‘ of nd shudade miark 
copper bar vere then re ed hie 
charged with molten zine to a level al 
| 
nels, by launderu Zit fror il bis i ‘ charged to launder made of half a 4-1n. stec! 
cient power was kept on the fu ce | t} tton-free asbestos cloth chal 
to keep the zine in the furnace ! te lt ope iurice lead to a discha ies 
Cathodes are charged in 1100-Ib bu eof 4 te pipe mounted on tt ie... 
toy ot the furnace t? iv! ert ‘ his \ teal plat 
place mn each heart Core i ‘ thie trave bein 
part of eact haft is fitted with a! ‘ iu md loon 
Which ope! i} t form if tu thie | oil i thie al 
cathode are transfe ed ‘ ‘ te 1 au the pourin ed 
from flatea t i platlh which tit cut iy fitted, wl 
charge the cathode nt thy Phu ‘ jown the launde 
i column of cathodes on edge extend er part of the ile. All parts of Spee 
the charging platform on top of the fu ind ladle in contact with 
the bath, to the bottom of the furt hi ed with asbestos cloth. Ladk i 
end of the cathode columl es! j through 
bye by lon the flo. f the f the flo 
nave ed prorect ! Vvhiictl ‘ of the pump 
culation of moltet the enti f distributin 
molten zine tre the channe ove the mold, and 
ubmerved ection of the th tof eflectiu i cut bet 
inks as it melt t d ned i Pee of zim 
‘ 
eal trie rit pou ead, the 
1} inface off and disposed 
harved at intervals to a scrap furnace 
The overall length of the singh | Cooling fee 
sheppard casting machine 60 ft. The cor ks 
The si face of the zine 
chal! Call rit 140 mold 1 
tie essed air from an Beek 
of steel links and hardened ‘ 1} 
freezes the irface of th pala 
ets welded to the les to the 
the lug on the mold nd «are tted 1 ( ‘ oa 
the st th and collects the ruil 
tapered steel wedge Vlold ive cl ed t 
a} I ty na thye owe 
removing the Ved pe ima pl : 
piliwa houid pea ! ipl trie ite Commit ection 
The flanged whe« thy ‘ ‘ ‘ the head of the casting machine 
on flat ten ich attact ‘ ‘ iru hil hie 
frame. Both set f olds. that the ‘ ‘ f t} | thie euve the horizontal poe ae 
tial , ita 
and the eturl | i en iro he head 


molten zine 


nd ou owin the dro to come to the urtace 
th 


avy dross layer is maintained on the 


I ten zinc to conserve heat The dro laye 


Sketch of the mold and chai assembly on the Sheppard zinc 


lab casting machine The detail view of the mold chain in t ile thie cathode cha ! hatt ] he just 
the lower left shows how the molds may easily be removed by bu ‘ mn the « huust ist mall, DbeIn nm the 
imply taking out the tapered steel wedges and removing f 150 to 200 Ik if dust pe da i ivin 


the pin 6H0 pet Zr 


furnace 
he 


rate 1 


and 


ted t ht ble through the variable peed hydraulic cou 


upel 


roblem on. the 


! rit rite teal furnace fue oO retracto failure n everal 


Cone 


ion com 


another furnace 


j custit tral W inoperative that th tran 
thie 1 te of the fu forme operated at reduced load. Under these con 
‘ ! i hitter trie hurnace production averaged Orne 240 
} th tant the d | luctior tot li and on one da produced 313 tons in 
‘ sine 24-} period. An attempt to repair the damaged 
} hie channe! Without emptyin the fturnace Wa not 
bie te @ uniforr ful The rammed mix linin in the failed 
d cast technique channel sections was dug out. and rerammed. but 
It ‘ t} ! te ture li ire again occurred hortl after restoring the 
‘ hich would tend to « lize it power load. The furnace was relined completely in 
| eta ‘ ral ! riiate hot con thie 1955. Although it was difficult to state 
ist vith attendant ter flue ter vitl in cle ee of accuriae thi ictual cause of 
ia { tel rent iilure, there i strong feel that it was due to 


lacement 


and incon 


mn ali of t) pecial 


Operating Statistics for S.I.C.E. Furnace at Three Different Rates 
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I} elect lynar fores etl up in the 
vorKked trequentliy with lon teel rabbdling iron 
t! ign a provided in the ae of the 
irnace. Ammonium chloride ised as a drossing 
uvent to free the entrained metal from the dro 
> 1) pulled trom the turnace nto dro 
-4 
AS everal tinne mn each shift, and is di enough to be 
] ised ibsequent roasting operation without the 
a2 =F isu treatment in dross drums. Dre production 
iVerape 2.9 to 4.0 pet f lab zine produced 
i? heart! ections of the furnace are ventilated 
+} thy oot } “al ext ist far whict ilso 
Phe capacit of the Sheppard casting machine | 
f ! euct thie ip as it ist idequate to meet the meltir rate of the it 
thy ‘ bie i! f it onto u p muction rate to 450 ton pe day ‘ 
1 rat larnped } h ce ee of flexibilit n cast 
@s to the i! enient herent plin The nine-man shift crew is under the sgumr- 
ty {) } | ‘ le the on of a chiet ope 
Phere are two drosset two charge! one Caste! 
° rie Kitriinie and two stacke! and this crew with 
3 Operation the exception of the drossera, retat 
where re five electric powe The most eriou maintenance 
elt channel! months after startin ip, fur- 
‘ nd improved nace transformer was put out of Commiss 
elt t least 450 1 ie }} plete baking of the lining 
ste 06 kw-hr per ton of zit ibs pro References 
! i 954, 
4 
J “ set 
449 
of 


Continuous 


Steel Casting 


In France 


Translated and Summarized 


from an Article by Rene Fievet 


installation of a con 


ion, regarding the 
tinuous Ci plant at Cail was made in 1952, 
the U.S 


after a study xisting installations in 


rmany, and tria 
production of 
electric furnace hop of 


teel include 


and an 
tv of 85.000 ton onented toward 


pecial quality steels for proce 


ium and large forge shop, a foundry, 
a mechanized thin sheet rolling mill 
A qual tity approat hing 2/3 of the total tonnage 

tined for the rolling mill The metal ts, there 


cast into ingot 250 mm sq weighing 
which corresponds to the maximum po 


ting for the transformation of emi 


ae 


of utilizing small 
the semi-product 


could easily be imagined 
1 hot rolling of fine sheets risks beings 
outside of competition excep 
of The project 


ul q jalit 
ted modernizing the 


tinct 


plant supplyin 


included two 
continuous ca 
Sendzi 


t rolling mi { the 


the rolling of ils, and b) a 
rey cold mill, also of Sendzimir de 
The Cail installation, Europe's largest 
casting installation at the (¢ 
J inghan mach) 
vw th thei Ca 


teel mill. Each 


The continuou 


RENE FIEVET is director of the Cail steel plant in Denain, 
France. Paper presented at the AIME Annual Meeting, New 


Orleans, February 1957 
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‘ 
bu; 
| pe 
‘ 
Ble 
; 
| 
4 
machine | two casi 
a water on the 
ans Molds built 
ope an by external water ¢ 
annual Capat the through lamination few ! 
there are of water leat 
the plate joints. b) Mold 2 
inside the copper wall, wate a as 
nearer to the side in contact wi 
fe part of copper, very thin, undergoes 
600 | na and liable to crack; 
| 
product mold life is 
rhe necessity ingots resulted in in one block == y aa eo 
a high cost f from the three- 
process fo \t the bottom end of = === . 
complete! ibjected to a cool by direct water sy 
OF SUNN cust piece then comes in contact ms) mm 
put forth, ther olls, the speed of which 
ng mill. It ) ator on the casting flo The slabs o mae 
> 
installation of a nto lenptl of 16m correspondin to | a 
bs t plat the reheating furnace, but plans are in hi aie 
ligging of a pit under the machines in 
mit cutti lengths of 6n ‘ae 
61 
Another part of the installation consists of an in Be 
clined | ised to i ‘ thie teapot eustin te 
the ? ht of the floor of the custi machine The ‘ea 
ind the feedir channels of the castin 
chine are heated to a temperature of about 950°C —_ 
oor 17 m above the floor of the simi Phe meta poured from the ladle into a laundes Ae 
each end of which feeds a small tilting trough whiet ae, 
Phe casts thus done by free pouri ind dam 
ri thie juid metal ¢ euit limit the quantit of sla 


Table |. Control of the Chemical Homogeniety of Continuously Cast 
Bars, Medium Carbon Killed Steel, 240 mm Square 


Position 


i ement eithe the those observed in similar 


wed at Cail, a coetfecier of redus 


cortain oweve hut obta it fact 
‘ cor ou Cu requ ‘ trict ittentior 
read wliced at ¢ iil have i ‘ af if t} nti rt f th 


liquid metal re 


bie lifted eru ibou ye central core in the cro ection of the continuously 
ane cast bar or slab. This process has not yet received 
ne ta bane e the commercial up} heation 
ae whe seneath the pect to surface qualitse the continuou 


than are obtained with normally 


ilt 


_ ,' cast ingot Moreover, the products of the contin 


1 by ting plant are generally delivered to the 


‘ the r the forge without ar preparation of 


‘ tit Me ‘ na 
' nelusion count how that the result ob 
, : tained by the two methods of casting are practicall 
thy thy j mat of the pine} oll 
equivalent However, inclusions are distributed 
i ‘ 
ngs more uniformly in the continuously cast product 


Om Rimmin teel cast by the proce equa 


te i istained ite ol fuction 

believed to be greater than that achieved in at Economic results 

thie tuptotl birnae Saving in metal: It is clear that casting by the 

tion complete contin continuous method into long bars o1 lat result 

deduce we ben made of the pe bility of nan important economic savin In ordinary cast- 

rie Thee cot ifte hie vith amu it nece ary to crop the top and bottom otf 

Detbwoon ope ition each ingot. but continuous casting allow a consid 

. erable reduction in this waste, for a prece must be 

Metallurgical results cropped only at the beginnir and the end of each 

te t tt nt immechude casting period. An economy ts also realized in the 


rolling of bar continuou 


in md on bale have bad end which are inevi 


! ‘ i i ret 4 th Th it ilt were ite! eftficienc y of the ra mill 
bevry be t} 0.08 pet | con between 0.6 and which results in a production increase of up to 15 

bt pet pet, or 360 Kg per metric ton 
| | t ‘ ty wtical experience, met The metal recovery of a continuous casti nstal- 
‘ ‘ thie ive ipit qua latior would reach a maximun if the Icct on of 
the cont ‘ | fuct it least equal to the cast operation were ich as te illow LOO 
tof st ‘ tin the traditional manne Phe pet operation This would be difficult to do, even 


because of the } 0 


indeed 


hen thor the trar 
ntl neitudinal directior Saving in operating costs: [f & Comparison 


r) th moeratir costs of at ry ot casti 
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‘ partici of j 
ij ‘ si Mn 
i diate casti can be done 
j ty phere cet ere flare ‘ 
j ‘ enced in the of alur 4 
| ten fic t the f é 4 
j if ns? ittermopted throuvt t 
4 thie inf ‘ thie teu ‘ f f ‘ 
I between the steel and the mold 
cast with hot toy 
the installation However, for the type 
f the b was noticed Mores oil Of steel prod 
nu ree thie thie pera ri der of four ha produced a satisfactory cen- 
te ‘ f the uppe level of molter toa] ne fe forged and Hed product 
ection of the cast prece In this regard the peed of 
‘ wil ‘ toy te ‘ 
| : : peed custit and the temperature are paramount. Sat 
fact oxpe mental result appear to have been 
ine } the } ‘ iif 
obtained with the Junghans-Schaaber proc for 
not ‘ Cdn th ent hie } 
' hie and the appleation of a circular magnetic field to the 
metal at the top of the mold rhe movements thu 
‘ vith a total discharve of about 90 lite of 
fact 
‘ of ticfarte esults, and the experience in t} plant 
i ) bed of berms ro vel] 
the cast bar does not 
pe i bye ude f contin with everal furnace 
‘ ten 1) a tendene ‘ more bunchir the casting. It is difficult to organ- 
' rit — } me ive the operation of two furnace » that tir 
‘ but j 4 re arit) it rite iption or 
ve i made 
! {| i st | tends 1 ty ‘ f ible thas bay with that of the continuous castin machine, 


the results are as follow First, the use of a con 
tinuous Casting unit results in increased expense 


with respect to man-hou peneral 
and cutting cost Second, the 


the continuous unit are le for 


repair cost 
operating cost for 


refractorie ladle 


and mold heating, surface preparation of the cast 
products, and the mold Leaving mold costs out 
for the moment, it appears that, for a production 
on the order of 3000 metric tons per month, the 


both proce It 
represents the min- 
mold 


mold cost 


identical for 
that thi 
production. As far a 


operating costs are 
is the opinion of Cail 
imum rate of economic 
continuous Casting 


costs are concerned 


only one tenth as much as normal ingot molds re 


quired for a similar rate of production 

Saving in rolling mill costs: Economies in the roll- 
from the installation of a 
casting unit can be considerable, when the 
tudied 
further transformation 
that of hot 
casting unit can produce 
of which the maximum width ha 


Ing operation resulting 
continuou 
with a 


cro ection of the cast product 1 


view to reducing proce e 


The 
good quality lab 


The most typical case i heet con 


tinuou 


reached 500-mm 


in commercial installations and Il-m in a research 
unit With the production of such slabs directly 
from the liquid metal, a slabbing mill with its high 


necessary A similar sit 
and for bat it 


a propel 


no longer 
tube 
po ible by ce 


capital costs 1 


uation exist with round 


equally 


appeal 


cro ection, to eliminate the blooming mill 


The future 


It is possible to make certain predictions of the 
continuou 
pro 
ducing at a commercial rate for over two years. With 
French metallurgical industry 
head of the industrial develop 
Production at the rate of 45 


ladle of 35 ton 


future course of the development in 


casting from the unit at Cail, which ha been 
thi machine, the 
found itself at the 
ment of thi 


to 60 


practice 
metric tons per hr from a 
has been realized 

A continuous operation: It must be admitted that 
contrat 1 it name, the proce Is not continuou 
move to confer on the 


characte: In thi 


but there are operation a 


completely continuou regard, it 


may be possible to utilize a holding furnace some 
what similar to the classical mixer used for pig iron 
But it appears that the quality of refractories cur 
rently utilized in a steel mill does not permit the 
ise of such a mixer for molten steel 


Fig. 2—Continuous casting in 
progress at the Cail plant in 
Denain, France. The 
pouring of the metal 
from the ladle into the launder 
and thence into the two molds 


operator 
controls 


Integration with large melting furnaces: With a 


lew toward the integration of continuous casting 


into a normal-size steel mill, it is necessary to ex 
amine the capabilities of these casting unit 

The results at Cail show that for the cro ection 
adopted, a square of 240-mm, no difficulty has re 


metric ton ca 


pacity with a casting This ha 
been achieved with four casting units, but for a se« 
L0Ox1000-mm the result might be ot 
A casting plant double the ‘ 


in 60 min from one ladle 


from furnaces of 40 
10 to 50 min 


ulted in casting 
time of 
tion of ume 
tained from two unit 
imular size 


Such a continuous casting 


f Cail, casting 
appeal quite po ible 


machine of eight units would be capable of castin 
of metal on the order of 100 to 120 metriu 
Thu that the rate 


duction of a continuous casting machine 


tonnage 
tons at one time , it appear of pro 
capable 
of coping with the production from a steel mill with 
100-ton melting 

Maximum machine capacity: In view of the di 
character of the 
to ascertain the maximum daily 
In thi 


considered First is the pe 


furnace 
continuou operation, itis important 
and monthly capa 
vein two point 
ibility for a 


city of the casting machine 


hould be 
teel plant of seve ral melting units to realize a syn 


chronized operation permitting the feeding of a cast 


ing machine with maximum regularity Second | 


tirne 


the minimum required between castings to 


verif the tute of the casting machine 


As to the first que might be possible to 


tion, it 


nehronize the production of melting furnace a“ 
long as the types and qualities of steel are similar 
ich a synchronization appears most possible with 


electric furnace 


that the 


on 


econd que tion. Cail considet 


For the 


custing operation can continue with 
In the case of certain types of 
with 


nece ary for 


erruption of 15 min 


teel, several castings can succeed one another 


uption outside of the time 
ladle 


permit the 


out inter 


placing succeedin Into casting position 


These calculation of the 


two answel 
possibilities of the Cail installation, using 
min casting time 


to 840 met 


$5 tons cast per hr, 45 


ind 15-min stoppage. This correspond 


ic tons per day or 20,000 to 25,000 tons per month 
The problem of slab production from a contin 
custing line i idied it Cail and from 


at the Canadian } lant and the laboratory 
that slabs up to 


iIndieation 


of Junghans in Germany it appear 


15x 1000-mm can be cast 
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Notes On 


Continuous Casting In 


Germany and Belgium 


chorndot 


continuous Ccastin plant was bull 


Huckingen 


ha 


teel cast there 


been cal 


mduction 


concet! 


l into the first commercial four-strand plant 


I} rt crate mn conjunction with a 35-ton 


roduction 


‘ il? whieved especially 


‘ precluct thie principle product 
during teeming with tipping ladle the casting 


peed had to be increased with falling temperature 


Bottom pour ladles used The difficulties connected with this, and partic 


ularly non-uniform quality of the strand core, are 


Phe Huckingen plant the first to use the bot 
‘ avoided by teeming with a bottom-pour ladle 
lle, otherwise common in tee! 
caupacit » tor Core dvant: of th 
The four-strand Junghans machine 
berg luris poUrit es Ol little. 30°C being Directly under the copper molds, which are 1 m 
bie i Howeve it nece al to cast at in length, the billets are ubjected to direct cool 
eust 10 tons per hr fo itisfactory operation ing by the water spray Driving rollers are located 


15 and 6.5 m below the molds. There are no othe 


Semiproducts for tubes produced uide rollers on this machine. The mold is lubricated 
with an oil in order to obtain a good surface on 


now, the machine Ras been used 
Caw task of billet. At Huckingen, the billets are usually cut to 
this ina ‘ ind 40 mm but length 
oO) ire also produced. With Plans are now being made at Hue kingen for a 
new machine with eight strand rhis machine wil 
letion peratior ¢ the sneed artificially be operated according to a proce which will allow a 
the the strand considerable increase in the casting rate. The new 
tee at machine will be erected in an open hearth plant 
ner 00 ms ond belonging to Mannesmann, and will cast charge f 
bout 525 3 ver min for 200 mm rounds. and 2 to 80 tons. Killed carbon steels will be produced 
j 1000) 100 mm round for tube manufacture 
Keounds ¢ be worked directly on the Manne 
min and Pilger rolling mills, whereas rectangular experimental continuous 
trands, for example the frequently produced 200% P 
40 mom t. must first be into a round of li B | 
bout 130 mm diam, Whether to cast round strands C@SeING Tine Tor Deigium 
u vihieh require rr ' nto rounds depend At the Belgian National Center for Metallurgica 
ipon the combined technical and commercial view Research, CNRM, at Charleroi, a new experimental 
point More . n the case of small ero ection continuou teel casting unit is being built accord 
AECISIVE ing to British design 
The unit is designed to study the possibilits if 
For core qualit t mportant to keep casting and rimming qualities in industrial quantiti 
ed us ut mas possible. ks i particular strand The casting floor will have a height of 15 
the ma urn cast peed, above which longi There are to be four independent casti linn on 
il cracks form on the surface of the billet, de of which will be put te ervice n 1957 
th pourin temperature ind the lower ducing bars from 90x90 to 125x125 
It can be expected that commercial units « fo] 


tempe nture drop cat be considerable 


vy in due course in the Belgian ste« ndu 
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An Efficient Method of Desulfurizing Liquid 


Pig lron 


by B. Trentini, L. Wahl, and M. Allard 


pn at ulfur in steelmaking is presently 
a problem of utmost importance as require 


ments on final ilfur contents in finished steels be 


come increasingly trict Thi ! In spite of often 


increased sulfur contents in the fuels used durin; 
the different stages of steel processing 
According to local conditions or current economi 
ulfur ci emoved during one or more 
rocessing operations; for instance, in a blast 
operated under high temperatures and with 
au high slag basicity ratio and also by means of high 
nputs of mang into the burden. These method 
of proceeding are, however, expensive and in con 
gradually 
developed wing to the fact that it allow 


coke and lime savings and usually permits an in 


tradiction with the acid practice which 1 
being 
crease of productivity 

In the melting-shop, desulfurization can proceed 
in the open-hearth or electric furnace with one o! 
al very bast lag or with special prefused 
(Perrin pro ) mixed with ee] 
the open-hearth 


poured 
electric furnace con 
ron has also been treated separately 
ed in the melting shop, in order to 
This « 
been developed | the 
Thoma 


great fle 


content xternal desul 


proce 


produced 


las the 
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little ha only a 


Vhich implies the necessity for repeating the oper 


medium desulfurizing powet 


ral time when a ibstantial amount of 
ulfus 
Thermal losses are high and 


las to be removed or when very low 
content ure desired 


there is a considerable decrease in output. Moreover 


the resulting fluid and corrosive slag, which is ex 


remely difficult to eliminate, attacks the refractory 
ning ixe! and steel furnace 

Therefore, it seems necessary to devise a simple 
method for external desulfurization which would 
not only remove ubstantial quantitu of sulfur 
from the hot metal coming from an acid blast fur 
nace, but which would also bring the sulfur content 
down to the low level required in the making of 


high quality steel and iron 


Principle of the Process 


In thi paper a new method will be deseribed for 


desulfurizing hot metal It has been perfected by 


“ mt 


Fig |—-Sulfur evolution curve during the refining of a basic 
Bessemer pig iron. S refers to pct of sulfur content in metal, 
t, blowing time, min, Tr, end of decarburization, F, end of 
dephosphorization, a, sulfur in ladle before pouring; and b, 
sulfur in converter before blowing 
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> 
s 
J 
verte! 
Liquid pig | a 
| 
favor owing to the sxibility of 
tallations and to the fact that the stecl EE Bee 
not polluted by impurities coming from the scrap | ears 
Since the basic Bessemer proce as usually prac | P= 
ticed, ha i low desulfurizing power, external de e080 Rt 
ilfurization enerally carried out in ladle 
mean of alkali ich a oda ash Thi method | 
which } advantage of being imple and costin it zie a 
‘ 


apparatus, but it was only at the IRSID pilot 
it that it became po je for him, on the one 
hand, to determu h vOO lfurization could 
obtained by blowing fine powdery products into 
metal bath and, on the 
i apparatus to obtain concentra 
pension of lime pow in pi ream, and a 
auppuratu 
he autho! 
ilfur 
blow, no 
t minute ie blowing, a 
(15 to 20 pet) was achieved 
he strong stirring of the hot metal with 
lime loaded before the blow, Fig. 1. From 
drew the conclusion that if alr were re 
“a non-oxidizing as and if, instead of 
lumps of lime, lime powder were blown 
Fig 2 Photograph of pilot plant 700 Ib converter tht gh tuyeres into a converter free from any ox! 
lag, the intimate contact and stirring in such 
in apparatus would enable a ibstantial and rapid 
desulfurization to be obtained 
Equilibrium calculations show that solid lime 
powerful desulfurizing agent for liquid pig tron 


Table |. Types of Pig Irons Treated 
am and 
hort 
90 pet 
an 0.010 


calculations are eas) “a pig iron conta 
iheon and aturated with ¢ aphite The Cal 


bon acting as a reducer, the reaction is as follow 
CaO (s) C (gr) CaS (s) CO (q) 


Underlined element are dissolved in the metal 
»sohd and 
rauphits 


The standars 


Vhich wi 
and Hulme 
! the u 
chholz and Bel 


Fig 3 Photograph 


of powder blowing 


0.094 pet bef ) apparatus 
\ pape 
taniun 


meontior 


into 
ation 
Kalling 
poke of 
tream 
Core 


alons 
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both 
Laye a 
ol method | characterized by very 
eflicient condition af contact between 
Miround burnt lime, blown through ed 
by fia neutral o iu 
the metal bath to be treated imu ve si, Pet 
Linn cle jifurizin Vill be ove 
mid ilfur content Vill be how, i it 
it 
petal nece aly pig 21 4 to2 
Phe outstaundis cet ilfu Jil propert ‘ ofl olid te ; 24 pet 
burnt ree ine vell knowl Lecimakin The 
have alread indervone numerous tests of variou 
Kind thie tirrin feature of a rotati furnace These 
ive itistacte results in the itstaunding exper 
rent of Kalli Which led to very low ilfu 
content rn on both on the experimental and or 
thie ndustrial cule Cothy method obtuinin 
i wed ture of nad metal have ilso) beer 
The 
tried nduction st ! is bubblin and lire rh 
cout f coke lump ate 
Likewise ispendi me powde na pga trean 
free ener y of 27 050 
mid ble tinto liquid metal i solution whiect 
has lor ittracted tnvestivator tr treat at.00 rhe reference tate for CaO, Cas, and 
thy problem exclu mentor hall t 
made only of Wood farmou vork on powder i 
yout nued by Baume 
rricacte enat afte th er 
> 4 
experimental work,” injected a mixture ! 
without obtainis itisfacto esults. On the oth 
hand, Sawamura, Okamura, M and Abn ised 
mall iphite crucible in which th lim lal 
powae to a nitrogen stream [hie 
only two tests which were made with pure lin es Ie fie: 
did not e low final It tent 
— | ime ft powde 
ul without ener ! = 
f the 1 expe mented 


pure substance and, for sulfur 
dilute 


the 


in pure 


an infinitely olution 


sy to determine equilibrium con 


a 


as 


K 


de, ay 


At about 1300 C, CaO and CaS do not form 
Therefore, l 
aturated with graphite, a 


solid 
Likewise, the 

1. If Peo 1S 
and at 1300 C, 


olution 


be 


ay a, 


in 


a 


umed to equal 1 atm, K Gs; 


a sulfur activity f 


I 


coefficient of 5 (graph 
2 pet P content) 


aturated pig iron witha 


~ 0.001 pet 


915 


the 


The equilibrium value of ulfur content 1 
therefore only 0.001 pet. The p 
For the developed in this paper, the 
of p p atm, re 


in a lower equilibrium value for the final 


assumed to equal 


proce 


blowing itroge leads to 


ulfur 
A 
thie 


recent written by 
of the 


ilicon by 


papel 
thermodynamic 


Sawamura”™ develop 
cle otf pir 


mean and cal 


ulfurization 
of 


iron free from lime 


Fig 


verte! 


ium carbide 
From 


a practical standpoint, howeve1 iron 


ilicon, 


pir 


the 
met 


o at normal treatment tem 
replaced by Eq. 2 


contain ‘ 
il 


Si 2CaS (s) SiO, (s) [2] 


the 


olu 


Corie 
plant 
It 


ved 
dicalcium 
SiO 


recently that, 
ilu 
1300 


by uming 
the 
equilibriun 


10 


and 
the 


ate in 


ana 


iO 


ulfur content at 1 ) pet 


able 
hot 


Table Il. Lime Analysis m 


ALO. Pet CO. 4.0, Pet 8, Pet ithe 


on pig 
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tr 


following 
pet Mn 
ynamu 


ition 


for 


Compo 


thermod 


ol and 1.8 pet 


| 


alculation the 


Tab 


Fig. 4—Photograph of experimental 6,000 Ib converter 


ft of blown ni 
ent 
the 
Fonds rit 

ol 


ht 


repre 
used at 
cle 
cond 


the experimental 6,000 Ib con 
Pont Mousson plant of the 

de Pont Mou where 
tests was undertaken The hot 
along 30.000 Ib ladlk but 
the the 
Germain I pilot 


a on 


Was brou; in 


xperimental 
at 


technique 
the 
400 


Wa 
thie 


noted 


suint en-Luye 


Ib converter 

that this desulfuri 
Is other than 
with t 


to 


carried out 


nition proce 


inn Ve ‘ 


converter 
of 


advantay 


ent 

ted 

be 
etal 


a special 
It has the 
used for de 
at the are 
Pig tron 
100 te 


‘ tuyere 


of 


transportin 


le 


pre 


ilfurizin and 

At the time 
had already 


veral different composition 


thi 


been ¢ 


papel Wal 


n 


I 


of 


arrived out 
iron 


le 


hown 
the 
ecutment 
of 0.015 


ilf 


il ofl 
thie 


More 


content 
ad 


within 


half the 


the pip 
varied 


than 


i 


to O S00 ‘ 


pet 


‘ 
i 


th 
ilfur content 
tried 
not 
idual 

de 


le 


and 


ad 
ulthous h 
powde 


iquid pir lirne lo 
remely low idual 


blowing lime 


ve 


la ucceeded 


r contents. The 
by blowin 

ith a different 
f 


au 


limne 
tech 


ilfurl 
but 
wet lle nt condition 


Sample 
based upon the 
ved 


‘ ( contact 


by imme! tuyere 
Experimental Work 

The all 700 Ib 

of t pilot 


ad 
ain-en-Laye Fig 


Apparatus 
the first 


m 
t 


converte! 


te 


pow ade I 


thie 


plant 
y 


hown In 


Table Ill Desulfurization of 1 Pet P Liquid Pig Iron 


Desul 
fur 

ization 

cleney 


Lime 
Hlown 
th 


Kiowing 
Time 


Min Vet 


drawn along 


th 


in i tre 0 


i am 
1 metal bath by mean 
the bottom the 
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Lime 
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ited 
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is, however, had sulf 
f between 0.060 and 0.120 pet 
The ed for | 

quality 
French 

thu 


ir contents before tre; 


limne 


burnt 


indu 
plied by 


u ul 


the 


ict © tria of 


ind 
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i tee) nt 


furnace enabling linne 


Table I 
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in 
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It is then - 
5 > 
4 
q 444 
] 
Cl ¢« 
a 
i 
pia tream 
trogen 
alway 
peratu 
2CaO (s) 2S + 
Eketorp™ pre 
formation of p 
bility of CaO. ¢ can be 
value of the \t pl we 
bein 
Liquid 
CaO, Pet tt) 
fore 
for a pig iron of P| 3.4 pet range sen 
f 
many investigators 
ind nitrogen, they |} ttins 
tematically low 1 
thor 
re 
powde 
and st 7 047 0 455 0 
7 17 20 0 455 #2 
used in 
f Saint * Desulfurizat 10 
Crert 
The = f a 
nitrogen, is blown through ie 
of small tuyeres placed in at js 
verter, which is lined with a mixture o “LE, 
and tat Gliese tests wa 
Fig how the powder DIOWINE low 
ich Mal ae 
vhose main feature the lime concentration in the eee a 


appal itu 


et up at the 
and pre\ 


viously shown, Fig 
as divided int 


and col 


three equal period 
responding il 


fur evolu- 


n i Mini to 
O09 fT 


hcien 
ulfurization is obtained 
Ing nly 3 min 
heon, and man content how 
i ! f ‘ from the n { the end 

obeo apeo ahso 


p slope of the desulfur 
n the excellent condition 

Fig 5 powder grain size reters to IRSID’s present metal bath and 

Kalling’s data d, powder gram size, mm and 

pet under given size 


ization 
fests 


of contae 
ilfur 
of 
as found in most 


obtained 


eep slope w 


oT 


1\ an analysi ample taken 
]}! min dur u test carried out with a ma of 
»,500 Ib of semiphosphorus pig iron (P 0.70 pet) 
| ‘ how a ilfurization efficiency a well a 
Two min after the 


ope ration 


attained 490 pet 
iptio less than 2 pet of th 
| A I and in le mit 

or ht down to le 0.003 

with the 


l used (combust 


rit W Vi ie obtainat 
‘ ‘ f } ion 
i ‘ pul 1 | on ef 


he O00 


Table 1V. Desulfurization of 07 Pct P Pig tron 


furization 


Micteney 


‘4 s t 
Fig. 6—Sulfur evolution curve, Heat P 10; 5,500 Ib of pig 
iron. § refers to pct of sulfur content; Si, pct of silicon 


content, C, pct of carbon content; and t, blowing time, min 
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; pet i’) treated in Pont- 
100 i- VIOU n plant 
Blowing time v 
mn curve Piven in Fig 6 
— 
wa I") toa? how that tartir from a value of 
60 
4 
ent 
pie 
test 
ene edo 
troven. containit le than OS pet O exceedin 96 pet There is no way of telling 
seed im tent 
Description of a Desulfurization Treatment 
ti ‘ na Liquid pl S 
ied into the ¢ erter in its | onta 
‘ ‘ ‘ \ i i 
Nw tb Wet (Pet Si, Pet Vet — + Si 
rt position ried the mit 
ju ! eal int Lie retained 
| 
Results | | 
tall 1 ‘ na ret n a 
‘ thie me and Kept 2 
condition thie me flow ed quite 
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lime blowing lower 
ble to achieve greatet 
peed by increasing the 

test given in Table V 1: 

iron (1 pet P) treated with 
The ilfur content dropped 
to 0.005 pet 


Ib of pig 
lime powder! 
ue of 0.088 pet 


ilfurization 


proved that this new proce 
encouragement for 
Howevet 
hing 


because too fe 


ficient and gave 
a la cal 
ama 


eldom three were made pel 


needed preheat 
burne 
ing from 
and the 
for de 
ce 
ined with 32 tests on basic I 
to 1.8 pet P) containing from 
re treatment in the 700 
Fi how i 
ymptote cor 
but are 


high 


toward the } ontal 
a 100 pet cle 
and the lime consumption | 


formatior iron silicate 


ao1o 


Heat P 14; 5,5 Ib of pig 


Fig 7 Sulfur evolution curve 
Si, pet of silicon con 


S refers to pct of sulfur content 


iron 
and t, blowing time, min 


tent, C, pct of carbon content 
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the ratio between metal 


iculal 


nde, and 


mproveme! 


Fig. 8—Desulfurization obtained with the 700 Ib apparatus 


with basic Bessemer pig iron. Lining oxidized by preheating 


Sulfur content at the beginning is between 0.030 and 0.100 
The r refers to pct of desulfurization efficiency, the p, 


pet 
wt pet of metal both 


lime consumption 


and lining urtice 


more important for asm metal 


e) With this small seals 

ied adding various clement 

il aluminum, magn 
yanamid. The 

heave hareoal) did not make much of an 

t ‘ 9 show the result obtained 

treated with 


the author 


the lime pal 


jum, caletum cat 


addition of carbon 


| cru 


th 660 Ib ol emer iron 
ts weight 


pow rmixed with 25 pet of if ut 
mal. Results appear to be no differ 
obtained without charcoal in thi 


inked decrease in the iheon 


O40 pet) ulted from the 


mall 700 Ib converter ha 


to prove the favorable 


of a powerful reducin 


iminum powder to the 


extremely low sulfut 


content which 4 the lowest 
corn on method used for 


obtainable 


Table V. Desulfurization with Increased Lime Flow Rate 


furiza 

Hlowing Lime tion EM 

sample KHiewn cleney 
No Min ib 4 4 Vet Mn, Pet Vet 


ron with 


pet) 
pet ol 


a obtained ind 

Cust rm the ilfus 

from 0.300 to 0.004 pet 
99 pot 

te 


‘tment of 
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whe cor 
tent a 
tior Phu } | 
} 
a 
afte 
i*e min which mean aa 
eiency of 94 pet 
a) rhe first seri of desulfurization exper! | | 
ments carried out with the small 700 Ib converte 2 oP 
Fig. 2 could be ve wes 
or these exper! 
700 Ib met 
(Wo, day: and 
also ne petweoun 
high in oxidized 
‘ or ‘ 
obt er p or 
7 
up to 0.100 
pet nvert 
tendene 
por din to 
deed 
cuttered 
of crushed 
‘This is due to the ent from 
» the oxidizi mall converter A 
preheating of the She mare content (from 0.66 
oxidized lining 
rhe use of th 
} 
0.4100 ich as aluminum Se 
By adding only 2 pet ee 
= 
| 
+ 
‘ 
| 
| 
> | ijifur analy mall arrow have been put next 
¢ to correspondit points on the iph of Fig. in 
order to show that the desulfurization efficiency | 7B 
a02* 4 Citint 100 pet A ilf ‘ til ition Curve with 
iluminum addition to lime enin Fig. 10 
j 
Phe example iven in Fi 10 is also quite signif 
cant. The 660 Ib basic Bessemer pig | 4 
pet P and a very high ilfur content (0 
{ treated with 24 Ib of lime containing it 
ht of aluminum powder 
Table VI immarize 
— 4 — + 2 hows the extremel hary 
content, droppir n4% mu 
ijt lilurizat mn hye 
particula converment for the quick 


ao7s, 


4 35 
| 
| 
{aso 25 
+ | 
+ 
| 
+ | 
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Fig Sulfur evolution curve, Heat Bb 194; charcoal add: 
tion, 660 tb of pig iron § refers to pct of sulfur content; 
Ss, pet of silicon content, C, pct of carbon content; and 


t, blowing time, min 


Ifur ior ict is those produced it 
furnace operated with la of low basiecit 

It must be pointed out that for all these test 
etal samplit was done immediately after tiltin 


flown the converter 


Table Vi Desulfurization with Aluminum Powder Additions 


Presul 
furiza 


Hiewting tien Em 


Dime Hiewn cleney 
Neo Min ih Pet (Pet Si, Pet Mn, Pet Pet 
i 
ore low ilfur contents finall ithuined 
ol nal te ed particl e up 
} tl metal bath ‘ In orde t 
} t} furu ‘ lerent tests the 
! i taker ist atte tiltur 
mpared t! trie of mothe 
mip tuketr ifte i rie eral min 
te imple of the ‘ ilt obtained i 
} « of 6.200 Ib of hematite | n treated with 
me powde ind with a holdi period of 3 mut 
ifte down 1 ver Table VII and 
(ott tests carried out along these line point to 
mila nelusion. Watti ifte blow ha 
topped | ! ipparent nfluence pon th Ifu 
tent f the metal imple I} | nt i ia 
intave of the present me ! lt compared with othe 
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iethods, where it is necessary to hold the bath sev- 
eral minutes while the de 
ip through the metal 

The lime lag can have different colo1 
to conditions. An oxidizing preheating of the small 


ilfurizing particl 


according 


(00 ib converter give a final dark lime, a ib- 
tantial part of which intered into balls having 
a diameter of up to 1 in. Where it was possible to 
ivoid the presence of oxidizing slag or of fairly sub 
tantial amounts of foreign slag coming from the 


large 30,000 Ib ladles, a light colored lime, pulveru 


ent and barely sintered, was obtained; desulfuriz 
ng then attained a very high percentage 

As with the Kalling proce the lime obtained 
eontair metallie hot the ize of which vari up 


\, in., but they can easily be removed by screen- 
and magnets 

rhermal losses on the 700 lb and even 6,000 Ib 
tests cannot be compared with those encountered 
of metal of 50,000 Ib or more. The tech 
nique at present consists of treating pig iron in a 
pecial ladle used for the transportation of the 


eparation 
vith ama 


etal, in order to avoid thermal losses due to the 

e of a supplementary apparatu 

The thermal loss caused by the nitrogen (or othe: 
ases) blown through the metal bath could seem to 
be a disturbing factor, and it is necessary to give a 
maximum value to the resulting loss of heat 

One of the main features of the powder blowin; 
apparatus used for all these tests is, as already said 
the high lime concentration achieved in the ga 
tream. Taking a consumption of lime of 2 pct of 
the weight of metal to attain a desulfurization effi 
ciency of 90 pet with the 6,000 lb apparatus, the ni 
trogen consumption comes to 18 cu ft per metric ton 
of pig iron treated. If it is assumed that tempera 
ture of nitrogen increase from 20 to 1300 °C 


0.200 ¢-- 


0.100, 25 


+ 


0.010 a 
ol oj1s 
0 4 2 5 4 s t 


Fig. 10—Sulfur evolution curve, Heat Bc 202; 660 Ib of pig 
iron. § refers to pct of sulfur content; Si, pct of silicon con 
tent, C, pct of carbon content; and t, blowing time, min 
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the temperature of the metal bath, the fol- 
maximum value for the thermal loss due to 
blown through the metal bath is ob- 
3°F 
become apparent that the temperature 
drop due to the nitrogen itself is very small and can 
be neglected 
A similar calculation shows that the temperaturs 
drop due to a weight of lime of 2 pct of the metal 
about : 54°F 
taking into account the heat evolved the 
x<othermic desulfurization Eq. 2, and the heat com 
from oxidation of silicon due to oxygen trace 
of about 15°C or 27 F ts obtained. The net 
is therefore of the order of 15 or 27°F 


Conclusions 


his paper describes a new method of desulfuriz 
ing liquid pig iron. A very intimate contact between 
the metal bath and the lime powder blown in during 
the operation through immersed tuyeres, togethe: 
with the precautions taken to avoid the presence 
of oxidized or foreign slags, makes an important and 
rapid desulfurization possible 

This method appea! to be efficient, as a sulfur 
content of le than 0.003 pet can easily be achieved 
and high sulfur pig iron ( with, for example, 0.300 
pet S) can be thoroughly desulfurized 

The method is very quick, the time of treatment 
varying from 3 to 4 min. Sulfur evolution curve 
how a sharp drop at the beginning of the blow. It 

innecessary to have a holding period to allow 


’ 
4 5 6 t 
zed particles to rise up through the metal 


experiments have shown that on a ma of 6.000 Fig. 11—Sulfur evolution curve, showing no influence from 
metal, a lime consumption of 2 pet of the the holding period. Heat P 46; 6,200 Ib of pig iron. S refers 

to pet of sulfur content; Si, pet of silicon content; C, pct 

of carbon content; and t, time, min. Blowing time was 3 min 


and holding time was 3 min 


Table VII. Desulfurization of Hematite Pig Iron 
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are intered metalhe oxides of the 
thie OO“ : - 
from 10° to 10) as compared HH 10° ohm “4 
em for ome of the metallic material 
' 
Phis high resistivit with resulting Hi HD cur ' 
eri ‘ ‘ find il mpplication at high fre 
quence The ad per ‘ isceptibilit of ferrite 
it microwave frequenci ha iso led to many ap 
plications in this field. Ferrites are used in low fr 
! ale Durin the lust few 
ea ferrite exhibitm steres! an 
neti memo tem NTERFACE 
peneral fe mula fer HEACT N 
vie i divalent metal a 2/4 
Mv, Mn, Cu, Cd, and Fe. Only t 
ie nonferromagneti 
Cd. Solid solutions can be fami a 
ferrite mid it is of interest 
ofa end task of Op- 
mapnetic fe timum charact 
rial han production. Oil 
id th itis necessary 
hia 
i lures 
Durin is of 
ferromanvi 
ve research been 
tarted onl wi with 
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cof the 
xX - 
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Fig. 2—Bulk density apparatus 


from the same batch material 


with the same magnetic properties. Synthesis of 

consists not only of a completion of the solid state — 


reaction between the constituent oxides to form 


ferromagnet ide of final magnetic propertie 


pinel tructure but also in the densification 


material. diffusion of the cations to form a homoge 
neous body, and grain growth 

This article discusses results of systematic Inve 
tigations of the formation of a basic ferrite uch 
as Ni ferrite; a mixed ferrite ich as NiZn-ferrite 


and a ferrite involving a complex formation proce 
uch Mn-ferrit Trends in magnetic charac 
are related to change in firing cycle and 


Specimen Preparation and Testing Procedures: 


For synthesis of N and NiZn-ferrite, constituent 


oxide muxture consisted of Fe.O, with NiO and 


vith NiO ZnO (1:1): for the Mn-ferrite yn wees. 


MnO wil 


thesis an oxide mixture of FeO, and 
chosen 

Single-phase Baker-analyzed reagent NiO, Fisher 
ZnO, and FeO, of C.P. grade were used in prepa! 
ing the sample Mn,O, was prepared from Fishet 


C_P. grade MnCoO, by heating in air at 1000 for 
ample was then reground, reheated for anothe 


hr and air quenching to room temperature, The 
hour at the same temperature, and then quenched oes 
to room temperature. Particle size, as determined pessesaeseen een 
by electron microscopy, was about 0.01ly for FeO 
0.1lu for NiO, and lw for Mn,O 

Pellets %-in. OD and '4-1n. thick, p ed at 25 


000 psi, were used for the solid state reaction 


tudies. The pellets were prepared from the pow 
dered oxides, which were dried overnight at 110°C 


The exact weights of oxides were measured, mixed 


ind ground in the dry state in a boron carbide mor PITTI 


tar for about 3 hr. Spectrochemical analysis in- 


dicated no contamination from the mortar 


For the magnetic studies toroids were selected 
prepared by mixing and grinding carefully weighed 
constituent oxide The dry oxides were ground 
i boron carbide mortar in 3 hr Subsequentl each 
mixture was pressed into pellets at 25,000 psi, cal Fig 3—Ferrite formation from X-ray diffraction data 
cined in static air at 950°C for 5 hr in a globar 
nace, and cooled by air quenching. The ec; 
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NiO+tFes0, 
é r 
M 
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— 
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fail every eore 
PITT 
4A 
‘ 
‘ 
4 
— 
te 


Fig 1 


The Mn ferrite formation under different firing conditions. Wide columns indicate major phase and narrow columns minor 
phase 


yele After 5 of firing the furnace wa 


ff and the sample left to cool. Here, a nitro 
was maintained until room temperature 
reached, speeding the cooling proce in this part 


D Heated in Air and Quenched in Water: Thi 
idditional firing cycle, used in the study of Mn-fer 
te, applies to formation studies only. The heating 


alcohol wet le was identical to the cycle for samples fired 
; nad olatiliz prey rhe sample was then removed quickly 
her be A lov th rom the furnace while it was at soak temperature 
ind dropped into distilled water, cooling to room 
: in” Il pell and perature within se Firing temperature 


yund nued from 600° to 1400°C for the solid state re 
ids were actions and from 1000° to 1450°C for the magnet 
vith the tudy 
X-Ray Diffraction Studies: X-ray diffraction 
ad tudy the solid state reaction. FeK-ri 
ered through manganese oxide, wa used 
hout tjoth Debye-Scherrer powder film pat 
and diffractometer tri were prepared, The 


sample int 


patterns w made by grinding to a powder 
ntered ramic material from the central por 
toroid Diffractometer trace 
prepared from powdered sample as well a 
imoditied and poli hed surface of the 
red cerami 
Magnetic Measurements: The hysteresi looy 
es were obtained with an automatic recordin 
r, which produced a trace of the curves o1 
rectangular coordinate paper 
\ll toroids were wound with 3000 primary and 
winding The primary windin 
the magnetizing force by ene! 
a controlled direct curt H, the 


Fig. 5-Schematic block diagram tor determination of initial permeability of toroidal ferrite cores 
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oak temperature then permittiu 
tere lemperature on a ceramic block t 
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trength in oersted, | 
ing current. The 


th the inte 


magnetic proportional to | 
econdary winding 
grating elements of 
The meter converts the change in fl 
earch coil, to variations in current 
to the flux densit B. The seales of the two 
of the ! r are adjusted by the two 


current fed to 


mecnanism 
eparate networks. The 
B element mechanism i the pen proportion 
ately to B, while the H mechanism drives the paper 

roportionate ly to H. The B-H loop is traced 

tantly increasing the magnetic current from 
followed by a 
All measurement 
trength (H) of 25 
Initial permeability (y,) was 
with a conventional bridge circuit at 1 ke. Measure 
for initial d-c permeability were made on the 


a positive value, immediately 
cyclic reversal of the same value 
were made at a maximum field 
oersted determined 
ment 
ame toroids used for hystere 
a change of winding An oscillator wa used to 
drive the primary of the toroids (Fig. 3). The pri- 
mary magnetizing current and voltage and the volt 
age in the 
vacuum tube 
initial 
from nine individual measurement 
zero field H (0-25 milli oersteds) 
ability can be calculated from 


loop tracing without 


econdary winding were measured with 
voltmete! An average 
obtained for 


value for 
permeability wa each core 
made close to 


Initial perme 


B 
H 


voltage in millivolt econd 
ary winding 

cro ectional area of core in cm’ 
number of primary turn 

econdary turn: 

(1 ke) 


prim irrent in ampere 


number of 
operating frequency 
d.,. mean diameter of core in centimete! 


Bulk Density Measurements: Bulk density mea 
were made with a device based on Archi 

principle—a_ bra frame of about 
hown in Fig. 2. A small nut is soldered in 


irement 
mede wire 
+x 6 in 
the center of the crosspiece and into this 1 crewed 
i glass rod 2 in. long that terminates in a flattened 
disk. Soldered to the rosspiece on the bottom of 
e is a bra disk that holds the w 
in the me; proce The whole 
ispended ov 
imple | 
the rod 
placed 0 
rmined 


point on 


the sample is given b 


g per 
alt 


In mere 
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Fig 6—Lattice constant of Mn-territe vs firing temperature 
Crosses indicate air firing and air quenching to RT; solid 
circles indicate air firing and slow cooling in furnace to RT; 
and open circles indicate firing in a gaseous N, atmosphere 
with slow cooling in N, to RT 


Experimental Results 


Formation of Solid State Reaction: Ferrite forma 
determined by X-ray diffraction measure 
ment begin and 700°C for both Ni 
ferrite and NiZn-ferrite: for the Mn-ferrite, tem 
between 850 ind 1000°C) are 


tion, a 
between 650 
perature required 
reaction 
NiZzn-fer 
rites from their constituent oxides can be visualized 
Waener ty ision 


1). The reaction leadin 


depending on furnace atmosphere The 


mechanism for the formation of Ni- or 
it the particle inter 
to the formation 
xample, by 


ferrite can be represented, for e 


NiO Nike.O 
hk a graphical representation’ ba ed on X-ray 
diffraction data, obtained from powdered ceramic 
pellet of the ation | ir of Ni- and NiZn 
of the unreacted oxide 
left side of each diagram 
rom the top to the bottom the 
change in position 
it increasing firing 
‘ noted b following the line 
! iagram. The right hand de of the dia 
gram shows the completed ferrite diffraction pattern 
(black nes). Pronounced shifts of the ferrite line 
in the first stage of formation, indicating 
lattice distortion the ne formed ferrite 
This distortion ‘ ish as higher firing tem 
lattice constant 


re ‘ iched irate 


remen “ait hown that for bodies quenched 
1000 1200 C there ts fi an increase in 
consti followed by a sli decrease. The 
005A. A single 


ed after firing or higher 


pha ‘ 


er exceed 
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of 
22.5-E 
where B 
A-N f 
0.4 ai N 
H 
d 
E == 
N 
the glass rod. The density of 
Ww, 
d 
W. + W, 
where 
he 
W weight of sample in Smt 
mea 
W,’ weight of sample 
Ses 
Data for densiti and weight must be deter ittice es 
mined at the ime temperature. In these nvest i total ¢ a 
tions measurements were performed at 26 ¢ material is ope eee Pt. 


Figs. 7, 8, and 9—Hysteresis loops of Nu, Ni Zn. and Mn ferrites prepared under different conditions. Abscissa scale is in oersteds 


and ordinate scale im gauss 
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Table Il. Chemical Reactions Governing the Formation of MnFe.O, from 
and Nitrogen 


fort iti a reduc 


Formation of 


ired in alr, is not a simple 


(1:3 Mols) in Air 


Mn,O, + Fe.O 


Mn-ferrite, from mix 


detected are given In 
occurred In air are compat! 
In a nitrogen atmosphet! 
ample the constituent 
unchanged up to the 

C; the Mn,O, in the ai 
oxidation to MnO, at 
revert to at h 


Magnetic Hysteresis Loop: The manner in which the 


a typical temporary 


olid solution between 


observed. These olid olut 


(below 950 into MnO and 


to the initial constituent mix al 
Mn.O, part of the solid solution. The 


phases Mn,O, and 


mall amount of 
At 1000 C the ferrite form: 


(), can be repre ented by 


Mn,O, 3F.O, 3MnFe.O, 


ilt obtained from X-r: 


both air firing and nitrogen 
chematically in Fig. 4. The column 


firing cycle represent the 


at different firing temperature column 


indicate the minor phases. For the ai 
formation starts at 1000°C 


how the first ferrite 


and finally approache 


initial permeabilit 


t applied value 


Development of Hysteresis Loops: The 


air-fired and ai que nehed ¢ 


development of the 


ingle ferrite phase indicated 


completed at 1150 C; for 
it wa comple ted at 1250 


material could be obtained 


low-cooled in all Thi 


xamining the central portion 


using X-ray diffraction 


Fig. 10—The d-c hysteresis loop 
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reaction product al 


2 f MnyQ, .O 15 Maw 
At 950 ‘ {MnO ) oO Feo 
4. At 1000"¢ ferrite f ition and reduct \ 
Heating in 
Initial mixture he 
2 At 850°C (ferrite Feo FeO 
of Mn.O During formation of the Mn-ferrite phase, a 
and F e.O, reaction. Th: change of lattice constant is observed which ts much 
various pha Fable Il. Re more pronounced than it is in the Ni- and 
actions that i with those rite With the exception of the air-tired and slow bay? 
that occurre In the ni- cooled sample, the lattice constant 1 tabilized at me, 
trogen-hred oxide are about 1400 C, Fig. 6 eee 
present an ition tem ra. 
ed ps magnet ition B (in gau ) Vari ed 
indergoe bout 600°C. magnetic field H (Gn oersteds) 
Before Mn. er tempera magnetic ferrite sample i hown in Fig. 10. The mag Bi 
ture (95) (ii | nd netization curve shown by the dotted line is obtained oh 
NA b ubjecting the magnetic material that has not been ya 
magnetized before to a gradually increasing magnetiz Hey. 
dissociate TS, that ing force H. The magnetization first increases slowly ee 
is, back ind then more rapidly, iis a satura we 
duction « tion value, B For the initial part at low fhe ld Hl, the aay 
permeabilit frequently employed as a4 figure of 
ertt when different magnetic materials are compares 
respective ition fron Che higher the EBB is, the greater the ie 
Mn,O, and likelihood that saturation will be reached at lowe1 
fields, H 
ES + 1, © If the magnetizing force, H, is gradually reduced 
from the to zero, the magnetiza 
These 1 I iil EEE diffraction tion in the material decreases to a value B,, known a a 
the residual induction If the magnetizing foree 1 
data for ne, are 
} t} then reversed (by reversing the current in the primary = 
to inding) and increased in the negative direction, the 
left of « PE major phase — magnetization is reduced to zero. At this point, the i 
the right value of the demagnetizing force is —H., known as the 
fired sample coercive tore If the field H is varied ecycheally be Rey 
ee t} tro tween +H and —H, a complete hysteresis curve | at. 
traced out with no return to the starting point 
fired sample formation at 
650°C. In the cle, th: 
presence of a that th: in Figs. 7-9 show the magnetic 
reaction wa he nitrogen properties of the three ferrite as the firing tem a 
fired sample C. No single perature increases during the three firing cycle ak 
ferrite phase | Vi-Ferrite (Fig. 7): It is apparent from the 
amples were ES was dete: hysteresis loops that the three different firing meth eo 
mined by ¢ oof the ids applied cause no appreciable difference the 
ranic pelle, magnetic characteristics. From X-ray diffraction 
data it was established that the ferrite phase wa Be a 
the major phase present in 
1100 ¢ nee at this firing temperature the crystal a 
te size mall and the body ts porous with a di aa 
torted lattice, the hysteresis loop poorly devel 
oped, Ordering of the cation Interin and reery z 
tullizatior tuke place at about 1250 where the 
liffraction line pattern of the ferrite is found to a 
be sharp and that of a nondistorted cubie lattice fie 
\t this temperature development of a characte ge 
lic loop Was also observed Viaximum 
ry flix der 1 of the basic N ferrite at a firing tem a 
aluleé «il i ani 2 Paul or a eae 
three firal condition the force Vel 
iit ER } } i! between 7 and 10 
4 NiZn-Ferrite (Fig. &): Ata firing temperature 
of 1000°C the hysteresis loop is more defined than it Es 
th ise of Ni-ferrite. Th in agreement with Ey. 
‘ id hove Wus observed that the 
bn ning of the NiZn-ferrite formation took place aon 
il a omewhat lowe! temperature reute tim 
provement velopment ol the teresi 
ear th int 1400 7 
ii De seen red at 1400 ihe mux 
es mum flux density appears to be twice as large and one 
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Fig 11 (top row)——Maximum tlux density vs firing temperature. Fig. 12 (second row)—Coercive force vs firing temperature. Fig. 13 
third row Residual induction vs firing temperature. Fig 14 (last row!) —lInitial permeability vs firing temperature. In each in 
stance crosses indicate air firing with air quenching to RT; solid circles indicate air firing and slow cooling in furnace to RT; and 
open circles indicate firing in a gaseous N, atmosphere with slow cooling in N. to RT 
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Table Ill. Comparison of Magnetic Data of Ni-, NiZn, and Mn-Ferrite Prepared Under the Most Favorable 
Conditions Between 1200° and 1450°C 


H 
Ocrsted Firing Cycle 


ow cooled 


fired 


the coercive force about ten times as small as that of 
the basic Ni-ferrite. The air-fired, slow-cooled cycle 
proved to be the best of the firing condition 

3. Mn-Ferrite (Fig. 9): The beginning of fer- 
rite formation, as can be seen from the hysteresi 
loops, 1s delayed in the air-fired samples. This i 
in agreement with the solid state reaction studi 
previously described. The loops differ only slightly 
in appearance at 1100 C, while at 1400°C the loop 
of the air-fired, slow-cooled sample differs remark 
ably from the samples fired in air and quenched 
and from the samples fired in nitrogen and slow 
cooled. This is contrary to results obtained in Ni 
and NiZn-ferrite. Maximum flux density is slightly 
lower than that of NiZn-ferrite, whereas the coe 
cive forces of each are comparable. It can be ob 
erved that the Mn-ferrite exhibits a much bette: 
rectangular-shaped hysteresis loop than NiZn-fe 
rite 

Evaluation of Hysteresis Loops: Results of a more 
detailed evaluation of the loops of these three fet 
ites are shown in Figs. 11-14, where B,,, H., B,, and 
vw, for the three ferrites are plotted as a function of 
formation temperature A set of three curves i 
iven for each ferrite corresponding to each of the 
different firing condition 

Maximum Flua Density B For Ni-ferrit 
the optimum &,, for all three tiring cycles occurs at 
1400 C. The umple that was air-fired and slow 
cooled gave the highest value of about 1700 gau 
At a higher firing temperature, the B,, of this sam 
ple decrease perhaps as a result of decomposition 
and consequent Fe,O, formation Phe quenched 
ample and the nitrogen-fired sample both attain 
a constant value for B,, of about 1500 gauss and are 
le ensitive to over-firing. For NiZn-ferrite, with 
i firing temperature between 1300°and 1400°C, a 
much higher value tor B,, (4000 gauss) is achieved 
The effect at 1400°C of the different firing condition 
m the magnetic properties of these ferrites is very 
mall. In Mn-ferrite it can be seen that of the three 


pes of fired bodies the nitrogen-fired and the ai 
fired, air-quenched bodie how the highest B,, 
Value A maximum flux density of 3500 gauss can 
be obtained for these bodi« when fired at 1400°C 


i value comparable to that obtained from NiZn 


ferrite 

) Coercive Force H The coercive force de 
creases very rapidly with increasing firing temper 
ature. For Ni-ferrite H 5 1s attained at 1450°C 


and it eom that a further decrease could be ob 


tained at higher te mperature At about 1400°C the 


coercive force for NiZn-ferrite reaches a constant 
value of 0.25, which is twenty time maller thar 
the value found for ihe basic Ni-ferrite. At 1450°C 
H. for Mn-ferrite has decreased to 0.63, which 
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about equal for a 
method. For ferrit 
950 C, the lower vi 
Mn-ferrite 

3 Residual Ind 
way as B, with fi 
the change in B, | 
1400 C; the air-fire 
largest value of B 
1400 decrease 


ll samplk regardle of firing 
e samples fired in nitrogen at 
ilue of H. is found in the case of 


iction B,: B, varies in the same 
ring temperature. In Ni-ferrite 
very sharp between 1300°C and 
d slow-cooled samples show the 
At temperatures higher than 
rapidly, indicated by flatten 


ing of the loop. The maxima of the curves are 
broader for NiZn-ferrite, which indicates that fluc 


tuation of firing 


temperature in the 1200°C to 


1400 C range are not critical. In Mn-ferrite, B, 1 


enhanced by firing 
Mn-ferrite is comp 
no maximum ob 


Initial Perme 


in a nitrogen atmosphere. When 
ired with the two other ferrite 

erved and 8, increase teadily 
ability p, (lke): Initial perme 


ability increases in the same manner with increasing 


hiring temperature 


w,-Curves for Ni-fer 


est value of 29.5 

low cooling NiZn 
of p $25, which 
than for Ni-ferrite 
wus obtained for Mr 


as and B The hapes of the 


ite are very similar; the high 
obtained with firing in air and 
ferrite shows 4 maximum value 
one order of magnitude higher 
A maximum value of 250 
i-ferrite at 1450°C with firing in 


a nitrogen atmosphere 


studi of format 


ites from the con 
action reveal that 
mation, as od 
temperatures below 
the reaction is com 


determined by ma 
property value ol 
optimum Firin te 
NiZn-ferrite)— and 


ferrite) at the favor 


quired to obtain fer 
ible properts 
lected in th invest 
cooled cycle best 
ferrite The best n 


ferrite is the nitroy 


Fable I] summari 


Discussion 
ion of Ni NiZn-, and Mn-fer 
tituent oxides by solid state re 
the bevinning of ferrite for 
by X-ray diffraction, occurs at 
1000°C. After firing at 1250°C 
pleted. At this temperature, a 
netic measurement magnets 
all the ferrite fall far short of 
mperature up to 1400°C (Ni, 
1450 °C or slightly higher (Mn 


able firing condition-—are re 


rite materials with the best po 
the three firing condition ‘ 
ation, the air-fired and slow 
for synthesis of Ni- and NiZn 
wethod for the ynthesis of Mn 


en-fhired ow-cooled cycle 


the mapnetic data for fer 


rite which were prepared under the most favor 
able condition The data given are for four firing 
temperatures, 1200°C, 1300°C, 1400°C, and 1450°C 
It will be seen that the highest values for K,, and 
fhe the f eyele indicated) are attained at 
! ng termperatures of 1400 1400 and 1450°C (01 
higher) fe , NiZn-ferrite, and Mn-ferrite, re 
pective ies for H. and yp, indicate contin 
mprovement a the firin temperature in 
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‘ 
190 400 7 027 
200 + 27 
1450 400 2154 82 130 
900 22) 4 242 rd 
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1450 400 220 0.37 2°41 
64 0 r fire 
2 0 68 22 low cor 
i4 
0.0 0 88 160 
06 
21 slow 
260 ed 
on 
: 
\ 
ot 


Density bodi« (Fig. 15) increase 
upidl u iring temperatul increase and 
reach fo 


shout 1400 


at high firing temperaturt 
condition ‘ ip for thi 
of 85 pet, 92 pet, and 87 pet 
f th were obtained 
14 fig. 15, the density ma} 
along with the magnet 
is plotted against ma 
ponding firing tempe! 
ar relationship except 
t and highe temperature region 
rmer the reaction is not completed, and 
tion in addition to density 
properti Ideally, ferrite uch a 
contalr ese cations in the divalen 
trivalent sti Departure 
are considered here as decompos! 
intering temperature increased in 
a tendency for the xygen content 
rivalent iron is reduced to divalent 
rol mag above 1400 °C air. When othe! 


the tendency toward oxidation 


have an equilibrium oxyget 
ially increases with temperature 
Decomposition has been observed at the surface ol 
eramic pellet Mn-ferrite. In fact, decompo 
on of Mn-ferri o occurs in the bulk, as demon 
trated by i mans in th latte constant observed 
Fig 15 Density of Ne, NiZn, and Mn ferrite as a function 
on central portions of the pellet Mn-ferrite may 
of tiring temperature 


decompose by either an oxidation 01 reduction 
Chemical analyst hould indicate an increase in the 
presence of either Mn“ or Fe The products in 
ther case will form a old olution with Mn 
If. Sinee lattice constant 1 ensitive to 
inges in valence, a change in lattice constant can 
expected. The results are qualitatively con 
with the explanation given 
dence for the decomposition of Ni- or NiZn 
is demonstrated by the reduction density 
properties above 1400°C. and Fe 
oxidation and reduction product 
and Suchet" have both shown that eithe! 


or reduction can be inhibited by incorpo 
mall impurities such as manganese, cobalt 


property change with density and 
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the ry te il The der ity of Mn- 
Phere ht be even turtl mproverne rif 
bie { ! iture could be obtained Thi 
tion vhiel dicative of the squarene of 
thee tere oop neluded It ipa ent that 
Vin-ferrite would be the ba f vood rectangulat 
loop material Itis known that u ferrite, when in 
; olid solution with other ferrites (Zn- or Mg-fe 
* 
te) how perfect ectat ilar tore 
\ vas demonstrated, the furnace atmosphe..« cat 
i! ‘ 1} tie ‘ faery 
trivalent state and that reduction would change the crystallite size 
tate from he to be (formation of FeO 
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tate change for Mi to Mi (formatior ‘ ‘ Zeit. Che B34 936, 09 
a4 ti We i nd G. Kat Ce Awe 1953 62. 29 
MnO, or MnO.) or Mr (le likely at high tem 1 A. Tauber nal of the Cera 
ture \ccordingly, tiru na reducit tmo vt 9, pp. 425-31 
itu ) \ | tu atn Gorte Raturation Magnetization tal Chemist: 
phere would be equired, nt n the Fe-1o1 et Oxide Philiy Researe Report 1954, No. 9 
thi rir howewve oxid atmosphere GY Che 
vould be required The experimental ilts prove 1954 
that prevention of oxidation of the Mn-ion is more 
Discussion ‘ ent ‘ t \l ‘ . 
mportant, the nitrogen-fired miple ave the best ) \IME 17 “12, «19 j 
propertte for the Mn-ferrite bode 


AIME OFFICERS: 
PAST-PRESIDENT 
PRES/OENT-ELECT 


Pierce 
TREASURER 


SECRETARY 


AIME STAFF: 


w 


SECRETARIES 
eR MAN 
ASS'T. TREASURER» ar 


FIELO SECRETARY & ASSB'T 
see SALT Lane 


World Metallurgists 
To Attend Second 
Annual Congress 


The week of November 
% will be metals industry 
Chie 
nee! from all 
gather for the Second 
al Congre 

hip of ASM 
allurgical Society 


2 through 
week in 
and en 

world 


Metal- 


ago as metal! cientist 
over the 
World 
under the pon 
Many of The Met 
of AIME member 

are actively participating in prep 
arations for the under the 
direction of Zay Battelle 
Memorial Institute director 
veneral of the Congre 
Chicago that 
be turned Ve! to 
The 
IMD, will 
ing November! 


will hold a 


mecting 


will truly 
metallurgist 
Metallurgical Society 
hold it annual fall 
3 through 7, and ISD 
day technical meet 
ing. ASM 9th National Metal Ex 
position will be taking place in the 

International An phitheatre 
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ince 


meet 
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from 40 
attend the 
which 


metal scientist 

are expected to 
ne idquarter for 
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Steelmen Plan For 
December Electric 
Furnace Conference 


The 15th Electri 
Conference will be 
Penn-Sheraton Hotel Pittsburgh 
Dex 4-6, 1957. The Conference will 
Wednesday December 4 
with a plant trip to the Babcock and 
Fall Pa. On 
December 5, the 
ll cover! the ubject of 
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of Stee 
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Furnace Steel 


held at the 
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and 
ties and performance 
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proper 
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with 
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with 
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tructure 
properts 
Monday morning 
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Phe IMD Committees 
Physi of Metal 


meeting on 
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two-day 
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Monda 
olid 


ion on 
olutior 
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hardening 

o planned for Tuesda is the 
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titanium in the United 
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uesda meeting 
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alloys by hot 
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yout pau 
cheduled on the basi 
earch abstract 
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cheduling of these se 


upe 
buse comming 
tual powder 
earch summari vill be 
an experiment thi 
Ve Deen 
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information on 
vill 
October issue of 
URN or METAL: 
iv the featured 
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Professor 
Oriental In 
The meeting 
the Morrison Hotel 


hon 


peake r at 
Tuesday 
John A 
tittle 
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ommittee of 
ced that pro 
papel 
Ubmission of a 200 
tract will be 
continued at the AIME Annual 
Meeting it Februat 
hould thew 


in three copi 


of research 


to at 


Nuthor 
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IMD Programs Committee 
The Metallurgical 
Society of AIME 
Room 912 
29 West 39th Street 
New York 18.N Y 
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World Metallurgists 


n pagel ot i o-moderator of par furnace contro 
D ; elon testir n product development The Fellowship Dinner will be 
sone R. W. E. Leite Budd Co election held on Thursday, December 5, in 


Ballroon 


Metallurgy-Ceramics 
Foundation Planned 


Electric Furnace \. W. Thornton and David Swan 


ive Deen appointed i repre enta 


mets ‘ ‘ 
l (Cont ed from page 1149) tive of The Metallurgical Society 
LIME on a commiuttec to estab 
‘ ol rie an ingot technical se 
lish The Metallurgy-Ceramics Foun 


it . nd n on Vacuum Processing of Mol 


ition 
pert bal ten Meta the other, a casting 
; Authorized by AIME Board of 
technica ‘ lor on Foundry Prac 
‘ i © Frida fternoot both Director action to be a ponsoring 
1 f ' ‘ othe for a se organization to the proposed Foun 


dation The Metallurgical! society 


( 4 be ‘ or Feconomu Utilization of 
, : vill be joined by ASM, the Amer! 
in Ceramics Soc., and the National 
tant, it tion nd control in the 
Ref ( bir The purpose of the Foundation 
would be to cart out, on a contin 
iin ba 4 progran designed to 


encourage the enrollment of more 


YOU CAN GET THE POINTS aad te 


enpinecring ceTratnit Ol 


envinecring 
COY, Rach of the ponsoring organiza 
of the Foundatior will have 


two repre entative on the organi 
ving committee. The Board of Tru 
tee of The Metallurgy-Ceramu 


Foundation, once established vould 


be composed of two members from 

each of the four sponsoring organi 

ation two representative from 

among scientific and engineering a 

ociate roup and two member 


| \ fron industrial associate 


yroup 
The Foundatior would probably 
have a small staff of two or more 


person to carry it certain pro 
ran uct a“ cholarshnip admin 
tration public relation effort 
et The Board of Trustee ind staf? 


ili try to plan an overall program 


the 
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to raise voluntal cont 
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li N # i Mot ehur ilat and the tud of ire 
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f the | on 
two American A > 
ert F Mehl, Carnegie Institute of Hotel 
‘ Ts rir i irs ‘ ‘ luc i 
tior ind Clyde Willian Battelle 
Memorial Institute, trends in metal 
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Roy T. King Wins 


Reinartz Scholarship 
T. King 


out anding 


chool and 


as born in Bolling 
1940. In 1943 his fam 
‘arnegie, Pa vhere 
a i lathe 
itional Supply 
onal fen ply Co. tran 
ither to Ambridge, Pa 
ant Div in 1946 
ended grammar. school 
later attended 
ool vhere re 
the 19 
member 
received numerou 
participation in hi 
then an iward 
American Legion 
ition entitled America 
nder God 
his out-of-school activi 
participat or in the 
! Pa ion Play 
iquippa vil Defense. He 
of th Epi Model AO Desk Type Metallograph 
Metal Research Laboratories 


Chou ind i very active 
> blectro Metallurgical ¢ 
member the ung Peopl Fel Niagara Balls 
Division of Union Carbide Corporation 


lowship is hobbies include musi 
nhuntin 
During 
counselor Epworth Wood 
a camp ving underpris 


children from the urrounding 


METAL INDUSTRY Laboratory’ re 53 
MEETINGS “WORKHORSE 


Pour on 


You can count on the AO Metallograph, day in and day out, to produce 


the work! It never balks...a real workhorse. Users are unanimous in their praise 
tap their comments. Check these 


Electronics Con 


Oct. 7 Metal “Accurate results everytime: fast and easy 
AQ) Metallograph unequalled for quality, versatility, con 


features that make the 


vemence and SPELD! 


lus France 


Oct. 9-11, ! lun 1 Vacuum 
Technology Some! 40) 


Top optical and mechanical @ Compact...sturdy...self con 


ton 
Oct. 15-17, rro i ‘onvention quality tained console design 
‘entral 
~ 8 Simultaneous visual and pho 
i or 
Old Hall, Lon 


Brightfield, polarized, phase, 


tographic focus oblique illumination 


Quadruple revolving objective Calibrated resultant magnifi 
Convention turret cations 


Northern 


Multiple photographic eye @ Autornatic motor-driven car 


‘ 
ornia i n i 
Hotel piece carrier bon arc 


Oct. 17-18, May jun \ ar @ Graduated rotatable stage 


nual cony 
York 
Oct. 28-31, An 
Henry Hudsor 
December 1957, 
Dept U182 
Mlease send me complete infeurmation on AO 


Vetallographe 


Dec. & 11, 
rad H 
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AROUND 


THE SECTIONS 


NOHC Southern Ohio Local 
Section ha announced pian for it 
October 
Hotel. Co 


fall meeting te be held or 


it the Deshler-Hiltor 


| t The tentative program will 
be d led rite twe ‘ or morn 
ind afternoor The morning 
bepu it 10:00 an with 
il ammet Armco 
teel Cory i fe welcoming 
vord The ession will include a 
talk given by Leo F. Reinartz, AIME 
Past Pre ident and con iltant Arn 


The First Hundred 
Years of the Steel Ind try. Also on 
penda will be i discussion of 


The Revaluation of Charging Layout 


d actice b men fror the fol 

te compat it Nev 

port Detroit and variou 
\ co plant ©. V. Ireland uper 
metallur Armco and 
Phoma chwamburyget peneral 
fore in, open hearth, Detroit Steel 


Corp A iuet us pre ding chairmen 


lunehe for participant will 
‘ the close of the ‘ or 
Phe afternoor ‘ ion Wi include 
‘ if nteresti report vnicn 
er the follown ibiect a“ 
tor j Dia root! tap hole 
i! ed intenance 
trumentat maintenance 
bath ey or thermocouple 
brick il inve report 
ri 1 peaker vill be: C 
A Gira Republic Steel] Corp 
imiple Armes Steel Corp 
Detroit Steel Corp 
d le elman Acme-New 
t tes Corp. Pre in is chan 
by Richard Thornbert 
port i! J. Murray 
Cory} 
Ihe t tie be cor 
1 |} ) ts} tentativel ited 
} i ind the iest 


Men 
if t} eetu will have 
‘ ‘ ‘ Dusk principle 
operational iriable na tech 
jue performance criteria, and 

‘ ‘ on be 
fo permit maximun 
i t the participant The 
j conclude with a bar 
quet for de ite 
& The Dept. of Metallurgical Eng 
ree Officer of Special! 
‘ ‘ Ne York University I] 
por the tl 1 annual Titaniu 
Metallu ‘ septen ber 9 to 
lS at the University Heights campu 
{ the Ur ersit Oper to those 
i general engineering back 
ind cludi metallurgy the 
irse vill nelude 25 lecture by 
expert rio phases of titaniun 
eta Dormitory pace 


1957 


the opportunity § to ee the Ohio 


State-Indiana Football game on the 
following day 
® The research center of Interna- 
tional Busine Machine Co. at 
Poughkeepsie, N. Y., will be visited 
by the Physical Metallurgy Group, 
New York Section, on Wednesday 
October 16 

A part of the laboratory tour will 
be a lecture by L. P. Hunter of the 
Research Dept. He will discuss pro) 
ects in metallurgy and ceramics be 
ing carried on at the Poughkeepsi« 
laboratorie The laboratory tour 
will follow with visit to area 
yvhere work } progre ing on mag 
neti transistor studi and pho 
phor 

After dinner, provided through 


Cecal G. Dunn 


Perfection 


the courtesy of IBM 
vill present a talk on the 
Secondary Recrys 
Dunn will de 
| Fe by 


of Primary and 


tallization Grains. Dr 
cribe experiment on 
vhich he obtained data, through the 
us¢ of dislocation-etch pit that 
could be related to 


uch things as driving force for sec 


mathematically 


ondary recrystallization the 
eritical size of a secondary reery 
tallization nucleu 

Dr. Dunn, who ha been with 
General Electric Co. since 1937, re- 


Gold 
work on grain 


AIME Mathewson 
1952 for hi 
and it 


ceived the 
Medal in 


boundary dependence 


enerpy 


on crystal orientation 


Westinghouse Sound Films,a catalog 
of 16-mm sound films available free 
except for shipping charges, lists 
some 47 general interest, product in 
formation, and training motion pic- 
tures. Copies of the catalog, booklet 
B-7077, are available from Westing- 
house Electric Corp., P.O. Box 2099, 
Pittsburgh 30, Pa. 


Energy is Our Busine is a new 
l6-mm sound color film of 38-min 
duration, available free except for 
shipping costs, from the Motion Pic- 
ture Dept.. Westinghouse Electric 
Corp., 3 Gateway Center, Pittsburgh 
30, Pa. Noted actors, John Boles and 
Arthur Franz, dramatize the story 
of the fast growing electrical indus- 
try. Striking gains in comforts and 
conveniences enjoyed by the aver- 
age American family are illustrated. 


Inco’s 16-mm film Ductile Cast lron 
in sound and color, which runs 16 
min, is free upon request from Roth- 
acker Inc., 729 Seventh Ave., New 
York 19, N. Y. The movie gives de- 
tails of the development of the new 
cast iron which is stronger than 
grey cast iron and so ductile it can 
be bent and twisted without break- 
ing; its properties and applications 
are shown. 
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PERSONALS 


A. L. Spencer has been appointed 
ale representative for Steel City 
Testing Machine Inc Detroit 


George A. Roberts, Vanadium-Al 
loy Steel Co Latrobe Pa wa 

elected board chairman and presi 
dent of the Metal Powder Assn., at 
the annual meeting. Mr. Robert 

a Vice pre ident of technology fo! 
V inadium Alloy ha headed the 
company powder metallurgy de 

partment since it was first organized 
hortly after World War II 


John Sullivan of Battelle Memo 
rial Institute, Columbu Ohio, wa 
honored May 7 with the first Presi 
dential Award of Merit of the Amer 
ican Ceramic Society at their an 


nual meeting in Dalla 


Several employee of the Grand 
Junction Office U S Atom En 
ergy Commission have received 


cash awards totaling $1,110, in re 
cognition of outstanding work pet 
formance and for money iving 
uggestions. Charles A. Rasor, chief 
of the ore procurement branch, and 
Robert H. Toole, chief of the leasing 
and development branch, cach won 
$300 


John F. Hatch has joined Reynold 
Metals Co. and will be working in 
Kwakwani, Rio Berbice, British Gui 


ana 


J. F. B. Jackson, has joined the board 
of director of P. 1. Castings (Altrin 
cham) Ltd. Mr. Jackson, as former 
director of the British Steel Casting 
Research A n l a director of 
A. P. V Paramount Ltd., Crawley 
England 


R. L. Folkman is now sales engineet 
at Electro Metallurgical Co., a divi 
ion of Union Carbide Corp He will 
be responsible for the ile of titan 
iun ponge and related product 

Since 1951 Mr. Folkman has worked 
on the development of titanium with 
the company Metals Research Lab 
oratories and the Product and Pr 

of De velopment Dept He vill con 
tinue to be located at Niagara Fall 


Gerald L. Lee has transferred to the 
iron and nonferrou casting on 


tion of International Nickel Co 


Ir Development and Research 
Div. in New York. He was formerly 
in the nonferrou ection of the 
company researct laboratory at 


Bavonne N J Mr Lee na been 
with the firn ince 1945 


Vernon G. Kneeskern has been pro 
moted to project and plant manager 
of Reynolds Metals Co newest 
aluminum reduction plant at Ma 


ena N Y He Wa manager! of 
the Reynold reduction plant at 


Longview, Wash 


C. Donald McLain has been pro 
moted to manager research and 


on Chemical Corp at a banquet in the 


technical director 


engineering, Indu 
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